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SUmVRY 



This report reviews the various methods available for a projection of 
occupational requirements of an SMSA, the data available to implement these 
approaches, and reconmends "best" methods to guide us in both methodology and 
in data collection. Appendix I reviews the literature on employment projec- 
tions and also the data available for making these projections in the Denver 
SMSA. Appendix IX develops and applies a method for occupational projections 
for Denver Sl^A using the matrix tool. William E. Roberts was primarily 
responsible for Appendix I; Charles M. Franks and William W. McCormick were 
primarily responsible for Appendix II. 

Two "naive" models are recommended for use as benchmarks against which to 
compare the more sophisticated approaches -- the "no change" model (A) and a 
model where the SMSA change is assumed to be the same as the national change 
(B). Four sophisticated models are considered: (C) the historical, where the 

SMSA is considered so different from the U. S. or other SMSA's that it must be 
treated as a separate, unique entity; (D) the "ideal" type model, where 
industries are grouped into significant categories (e.g., primary, secondary, 
tertiary); (E) the mett\od that stresses occupational groupings (e.g., white 
collar, blue collar, service, and farm workers) and (F) the method that 
relates the SMSA to the national economy. The choice of "best" method 
depends on the data and on the purposes for which the projections are likely 
to be made. Since both the uses of the projections and the data compilation 
are changing over time, one of the. main applications of this report might be 
to focus attention on the direction of change that should guide policy in 
these areas over the long-run. 

The two main applications of occupational projections are to guide 
educational planners and to advise entrants and potential entrants into the 
labor market. The long-run aim is to help rationalize the overall labor 
market, which cannot be done unless demand projections are relatively 
accurate. The "best" projections for educational decision-makers are those 
that would group occupations by common background requirements and those that 
would help prepare curriculas for an automating and mobile economy. Although 
most apprenticeship programs relate easily to industries, recent reforms in 
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'V^ocatlonal education point to a **core'* preparation that lends itself to an 
occupatiorsal approach. 

The data presently available for detailed SMSA occupational projections 
is almost entirely limited to the decennial census. Estimates of the classifi- 
cation errors in this household survey indicate that another source, or sources, 
must be developed, if SMSA projections are to be within reasonable limits. The 
methods themselves are open to considerable question; when combined with data 
that is likely to have exceptionally wide accuracy bands (easily 10% to 50%), 
the projections are sometimes worse than no projections at all. Three alterna- 
tive paths are open which would improve the occupational data at the regional 
level, and all three can be followed simultaneously: (1) Increase the size and 

detail of the MRLF by census. (2) Broaden the BLS search for occupational 
data, along the lines they have already begun, from professional societies, 
from regulatory agencies, and other similar sources. (3) Cooperate with busi- 
nesses to standardize job descriptions, much as the steel industry has done, 
and begin to get automatic occupational data as a by-product of already exist- 
ing reports (either the social security or the unemployment reports). In 
other words, if each social security number (or unemployment compensation 
deduction) included a job classification number too, then occupational statis- 
tics from industry would be automatically available. 

Given the present needs of educational authorities and the present status 
of occupational data, the method that relies on occupational groupings appears 
to be both the most useful and the most reliable. Clearly, accurate industry 
break-downs are important and, if available, they would add immeasurably to 
the projections, but they are likely to be available only in the longer-run. 

The review of the literature in Appendix I leads one to the potentially 
misleading conclusion that industry surveys of occupational projections are 
most questionable. When checked against naive models they invariably have 
been second best. What must be recognized and emphasized is that individual 
employers, even when the survey is given priority and consideration by top 
management, can only reflect the individual company's outlook. What the 
statistician and economist must do is to devise ways to permit these potential 
decisions to interact with one another in the interrelated world in ^ich we 
live -- or a model of that world sufficiently realistic to give good results. 

It is precisely this interrelatedness that is reflected in the matrix approach, 
idiich is so similar to the Input-Output method. 
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All four of the methode described in the report' can be treated in matrix 
form, but only one was applied, and that is found in Appendix II. A word 
resume of the key, numbered formulas provides a good summary of the specific 
method which is only one of many that might be used. 

(1) Page 146: the occupational profile of an industry is represented 

by at time fc where i is the occupation and j is the industry. 
For example, the coefficient matrix value of secretaries in the 
machinery industry (except electrical) 35 for 1940 is 29.74 and 



equals a^ ^ (see Table 1, p. 165). This represents the number of 
secretaries divided by the total employment in the machinery industry. 

(2) Page 149: the f.. represent the rates of change in the occupational 

profiles over time. These changes are caused by technology, product 
mix, method changes, and other forces that affect the proportion of 



an industry’s work force in a given occupation. 

(3) Page 149; total employment for the economy as a idiole is a function 
of th® level of output of each of the j industries. 

(4) Page 149: total employment for the economy as a whole is also a 

function of the occupational demands. 

(5) Page 149; the occupational demands at a given time t will depend upon 
the occupational profile of each industry and the level of output of 
each industry. 

(6) Page 151; employment in a given industry is a function of the output 
of that industry. 

(7) Page 153; output of an industry can be treated as a time series and 
projected into future, predicted levels — equation (8), page 156. 

(8) Page 157: the level of employment of an industry j at a given future 
time period is a function of the predicted level of that industry's 
future output or, the industry's production function of the future. 

(9) Page 157; the occupational employments of each industry in that 

future time period is the product of the predicted occupational 

profile (f. .) and the predicted level of output (pj. 

ij J 



The heart of this beginning model lies in projecting a cell of the occupa- 
tional profile (secretaries in machinery) on the basis of the coefficients 
derived from the 1940, 1950, and 1960 censuses. The projected coefficient, 
when multiplied by a projected level of output of the machinery industry, 
gives the total projected employment of secretaries in that industry. This 
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coefficier^t dropped in succeeding censuses from 29.74 to 25.33 to 22.06. The 

“0.73612 

best curve fit for f^ 2 (P* ® exponential: 449.921 t 

which is go*ng downhill very fast, and would mean no secretaries in machinery 
in less than seven luore censuses. But because of classification changes from 
one census to another, and because of a large number of employees not classi- 
fied in later censuses, the adjustment coefficient for secretaries in 

machinery is greater than 1 — 1.20626, and this increases the 1970 coefficient 
to 23.79 and for 1975 to 22.61. The original fit to the three values cf the 
1940, 1950, and 1960 censuses was the best of all occupations and industries, 
with a correlation coefficient of .999999 and a standard error of estimate of 
.000190. Neither of these figures mean much because the regression model 
assumptions are certainly not fulfilled by the data. All it means is that the 
coefficient declined between 1950 and 1960 at about the same rate as it 

declined in the previous ten year period. 

The method, in summary, is simply projecting the occupational profile and 

the levels of output of each industry, and combining the two. In a more com- 
plete model, the final demands would be projected and anticipated, along with 

the changes in the production functions. 

This first, tentative matrix method is only a beginning and does not 

really exhibit the great potentialities of this tool. It is the inter- 
relationships of occupations (via inter- industry inter-relationships) that can 
best be done with the occupation- industry matrix. For example, of a 10% 
increase in an industry appears warranted, the matrix can reveal what that 10% 
increase would require for the indirect needs of the industry, as well as the 
direct needs. A 10% increase in the machinery industry will result in a pro- 
portionate increase in secretaries for that industry, adjusted for changes in 
the production function -- but it will also result in an increase in secre 
taries for all other industries affected by the machinery industry. This the 

matrix can reveal and this is its great value. 

A review of the data presently available for SMSA occupational projec- 
tions, however, shows that we are not at all ready to consider a tool as 
sophisticated as the matrix. What is required now, as a first step, is to 
group occupations (or industries) into a few meaningful categories and work 
with these. Fortunately, this also appears to be the level of sophistication 
required for educational decision making. Therefore, let us begin here, and 
as the data improves, let it tend to support improvements in the method along 
the lines suggested by the maticix tool and the methods (D) and (E) outlined 
above. As we progress, methods (C) and (F) can be more fully utilized. 

Leslie Fishman, Project Director 
Professor of Economi'::s 
University of Colorado 







METHODOLOGY FOR PROJECTION OF OCCUPATIONAL TRENDS IN THE 
DENVER STANDARD METROPOLITAN STATISTICAL AREA 

INTRODUCTION 

Major strides are being made on a national basis *'to shed some light on 
the problem of achieving a balance between the aggregate suppl 3 r and demand for 
labor. . • • . u'e final stage of the program Is the distribution of the Industry 
enq^lc^/ment estimates Into occupational requirements based on projections of 
occupational patterns, by Industry. This can be used to evaluate potential 
i.reas of substantial surplus or shortage, and irovide the basis for occupa- 
tional guidance and development of longer-run training programs. The main 
purpose of this study Is to explore methods to accomplish these same occupa- 
tional projections for a sub-area of the national econonqr, in this case the 
Denver Standard Metropolitan Statistical Area (SMSA) . 

When one moves from the national econony to an SMSA like the five-county 
Denver region, a fundamental shift In metb)d is required. The national projec- 
tions start with population and labor force estimates, assume a 3% or 4% unem- 
plc^ment rate and certain participation rates, and then obtain the r ^>er that 
will be employed. VJithout minimizing the problems Involved In the projectlo«.s 
of population, labor force, and unemployment, they are still of a lesser order, 
given this approach, than the problems of projecting Industry and occupational 
changes. For the national projections to 1970 and 1975, the greatest varia- 
tions are likely to occur In the Interindustry coefficients and In the occu- 
pational profiles within the Industries. Just the reverse Is true for the 
Denver SMSA. 

For the Denver SMSA occupational projections to 1970 and 1975, the great- 
est variation Is likely to occur on the demand side — with the attenqpted 
estimate of the level of economic activity and employment likely to prevail 
five and ten years from now. The Denver SMSA is a sponge- like labor market, 
with large In-mlgratlon when growth Is rapid and with large out -migration when 
grc 3 <'^th slows or becomes negative. From 1959 to 1963 the Denver labor force 

-^"The Federal Government's Program of Economic Growth Studies," Jack 
Alterman, Deputy Associate Commissioner for Economic Growth, Bureau of tabor 
Statistics, U. S. Department of Labor, Paper given at the Seventh Annual Fore- 
casting Conference of the American Statistical Association, New York Area 
Chapter, New York, April 23, 1965, pp. 3-4. 
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grew dt s very rspid pace, one of the most rapid in the nation. For the past 
two years, however, the labor force has leveled and contracted. At the SMSA 
level, particularly for a relatively isolated region like Denver with its 
special characteristics, occupational projections must begin with estimates of 
demand and end with estimates of supply, instead of vice-versa. Because projec- 
tions of demand are open to large variation, the challenge to develop a fairly 
reliable method for the Denver SMSA is a great one. Although labor mobility 
eases considerably the need for occupational projections by SMSA, vocational 
training programs and educational policies do require regional and specific 
information, if they are to be guided by more than current demand and supply 
conditions and experienced hunches. The need is great. Preliminary explora- 
tion of methodology is in order. 

This study begins with a general description of how the national input- 
output tables and occupational matrices might theoretically be applied to a 
specific SMSA. The second section details the data presently available for an 
SMSA occupational projection. On the basis of this data, two naive models are 
developed and evaluated. The third section explores more sophisticated models 
and compares them to the naive models. Finally, some conclusions and recommen- 
dations are made for future data collection and method explorations* A surv^ 
of the literature and data is found in Appendix I. A detailed development of 
one of the sophisticated matrix models is found in Appendix II. 
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"IDEAL" APPLICATIONS OF THE INPUT-OUTPDT TABI£S AND THE OCCUPATIONAL MATRICES 



The input-output tables for an econoiny, or a sub-region, detail the direct 
and indirect sectoral interchanges that take place during a given production 
period. If these sectors exhibit "significant" differences in occupational 
profiles, then use of the I-O table for occupational analysis should add greatly 
to the reliability of the analysis over use of gross totals (i.e. for the entire 
econoiny) . Where the sectoring is not related to occupational differences, then 
it would be better to use the breakdown of occupations for the United States 
as a whole. 

A study of the 82 sectors of the 1958 interindustry tables lends consid- 
erable a priori support to the view that significant differences do exist 
between occupational profiles of different industries. The sectors have not 
been delineated with occupational analysis in mind. However, the way in which 
SIC designations have evolved, and the way in which occupations have developed 
(largely within a given industry, except for technological break-throughs that 
apply to many Industries, such as the computer) has meant that strong relation- 
ships between sectors (industries) and job profiles are likely to exist and 
persist. A part of this relationship stems from the physical differences in 
the industries, a part from the cultural and social differences that industries 
apply to themselves, and a part undoubtedly stems from pure immobility. But 
whatever the source of the differences, as long as they persist they are help- 
ful in occupational projections. To make the argument concrete, it is assumed 
that the occupational requirements for livestock products (1), paints and 
allied chemicals (30), motor vehicles and equipment (59), and office supplies 
(82), are significantly different. Cowhands, farm laborers, meat buyers, 
auctioneers, dairymen, beekeepers, and accountants, among others, are needed 
in a certain proportion in the "livestock and livestock products" industry. 
Chemists, machine maintenance men, warehousemen, and accountants, among others, 
are needed in a certain proportion in the "paint and allied products" industry. 
Designers, mechanical engineers, tool and die craftsmen, automobile salesmen, 
and accountants, among others, are needed in a certain proportion for the 
"motor vehicles and equipment" industry. Warehousemen, salesmen, deliverymen, 
and accountants are needed, among others, in a certain proportion for the 
"office supplies" industry. 
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The tables for direct and indirect purchases among 82 industries are now 
available for 1958.—^ Ideally, an occupational profile for each of these 
“industries" would be developed for 1958. Projections for final demand in 
1970 and 1975 could then be made. If projections for the technical coefficients 
for these two years have also been made and, concomitantly projections of the 
occupational profiles by industry, then all three could be combined to produce 
the occupational requirements for 1970 and 1975. The assumptions regarding 
growth, full employment, and labor force would be built into the final demand 
requirements. The assumptions regarding technological change, product change, 
and interindustry balances would all be manifested in the projections of the 
technical coefficients and the occupational profiles. All of these forces are 
interdependent and, in real life, interact with one another. But for purposes 
of analysis, manageability, and "rational" projection techniques, it is import- 
ant to break them down into these separate steps. When the projections are 
brought together, they can then be added up, compared, examined from various 
points of viex», and "adjusted" for balance, orderly development, and historical 
common sense. All of this is neither easy nor accurate. Change, by its very 
nature, is not likely to be either orderly or predictable. But change is what 
this is all about. 

Let us return to our four "industry" examples in order to make the entire 
projection process more meaningful. Industry number 1, livestock and live- 
stock products, includes the following primary products: meat animals, hides, 

wool, mohair, cattle feed lot operation (part of SIC 0729), poultry and eggs, 
butterfat and milk, and other livestock and products (horses, mules, bees, 
honey, beeswax, rabbits, and dogs). Also specifically included are animal 
work power and manure. Output includes the following secondary products and 
receipts, processed milk, farm- slaughtered meats, miscellaneous fur bearing 
animals (including mink and silver foxes), and farm rental income. It includes 
all of SIC code 013, and parts of 014, 0193, and 02. Turning now to the occu- 
pational data available from the census of 1960, breakdowns are available by 
industry (although not necessarily exactly the same industry) by both major 
occupation group and by detailed occupation. The major occupation groups 



~ ^Survey of Current Business . November, 1964, pp. 10-29, and Appendices 
I and II, available from the Office of Business Economics, Department of Com- 
merce, which give more detailed industry and final demand descriptions. 
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involved in livestock would be "farmers and farm managers," and "farm laborers 
and foremen." There are, however, many also included in some of the other 
categories. A brief run-down of the detailed occupations included in "live- 
stock" might be an easy x»ay to indicate the overlappings. These include: 
accountants, airplane pilots, farm and home management advisors, foresters and 
conservationists, agricultural scientists, biological scientists, veterinarian 
auctioneers, foremen (n.e.c.), truck and tractor drivers, and the various farm 
categories themselves. 

Let us assume that all of these data are comparable, available, and suf- 
ficiently accurate for the purposes of projections of occupational needs in 
1970 and 1975. What then are the next steps? First, one must estimate final 
demand for the livestock products five and ten years hence (including bees and 
furs and wool and hides and butterfat and rabbits and pedigree dogs). These 
projections might be based on the information we now have on income elastici- 
ties covering previous periods. On the basis of the way we as consumers 
behaved in the past 15 years, some generalizations are possible regarding the 
probable diet of the population in 1970 and 1975, and our possible tastes 
regarding fish, fowl, beef, and eggs, and also for leather products, honey, 
furs, butter, cheese, ice cream, beeswax, and horses and mules. Such projec- 
tions would, of necessity, include estimates for the rise of substitutes (like 
Corf am for leather), but consumer reception is impossible to anticipate, and 
corporate inventiveness even more difficult. There may be a return to butter, 
or there may be an even more improved frozen dessert that undermines the demand 
for cream. Artificial furs may continue their upward climb, as may diet fads, 
and there may even be such outrageous products as synthetic, low-calorie 
steaks. Some help in the forecasting of such projections is to be found in 
the historical series for the individual products or groups of products, esti- 
mates for income elasticities, and knowledgeable people in the industries 
involved who can usually anticipate major trends for the next few years. 

Placing such projections in an I-O framework permits substitution and comple- 
mentary interrelationships to be taken into account, and permits estimates of 
likely areas of general expansion and contraction. The total estimates for 
final demand depends, of course, on the resources available in 1970 and 1975, 
the productivity of these resources, and the degree to which they are employed. 

To translate final demand into occupational requirements, several steps 
must be taken. First, technical coefficients of labor requirements for each 
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sector must be projected to 1970 and 1975. Once again one is at the mercy of 
historical series and knowledgeable production experts. Second, occupational 
profiles by industry must be projected to 1970 and 1975. Historical series by 
industry and by occupation would be needed, as well as great skill at anticipating 
the future. Given the occupational profiles in 1970, the final demand levels mul- 
tiplied by the technical coefficients of Ubor would establUh the occupational 
requirements. For our specific example, livestock and livestock products, the 
concrete steps would be as follows. First, from the 1958 1-0 table one is able 
to derive the labor requirement for the livestock industry per million dollars of 
product. With an estimated change in product mix and technology (perhaps derived 
from a comparison of the 1947 requirements to those in 1958, as well as the his- 
torical series and opinions of knowledgeable experts), the new labor requirements 
are projected, let os assume that a consistent and reasonably accurate occupa- 
tional profile is available for the "livestock and livestock product" industry 
for 1950 and 1960. Projections based on these profiles, historical series, and 
experts, result in the occupational profile anticipated for 1970 and 1975. Put 
ting this all together gives one the occupational projection. For example, a 
direct demand of $2 billion plus an indirect demand of $1 billion for livestock 
products in 1970, with a given product mix and a given productivity level and a 
given occupational profile, will result in the demand for, say, 100,000 farm 
laborers. Hopefully, some estimate of possible limits for the projections would 
also permit statements to the effect that it is more likely that 90,000 livestock 
farm laborers will be demanded than 110,000. Perhaps, it is more likely that final 
(direct and indirect) will fall short of the estimates than exceed the 
estimates; or perhaps it is more likely that productivity will be faster than an- 
ticipated rather than slower; or perhaps it is more likely that the product mix 
will tend toward Uss farm-labor using products than toward more farm-Ubor using 
products. Taken together this might mean that although 100,000 farm laborers for 
livestock is the "best" estimate, the likelihood of demand's exceeding 100,000 is 
less than the likelihood of its falling short. Any more precise statements than 
this would probably lie in the realm of fantasy, and perhaps even this exceeds 
by far anything that can be "calculated" for a good many years. But this is the 
general method for national occupational projections that appears to be most 

promising. 

HOW can this be applied to a sub-region, or an SUSA like Denver? Many 
approaches are possible. If one can assume that the SMSA is a reasonably 
accurate "replica" of the national economy, then a simple reduction of the 
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n&liional projections is nil that would be needed. For example, Colorado has 
about 1% of the population of the United States. If the assumption is made 
that Colorado in 1970 and 1975 will reflect the occupational patterns of the 
United States, then a reduction of the national matrices to 1% of the total 
would give the desired state occupational projections, assuming continuance of 
the 1% proportion. 

A second approach is a modification of the first. If a constant relation- 
ship exists between the local occupational patterns and the national, or if the 
pattern is changing in a discernible and predictable manner, then the United 
States matrix can be used, with the appropriate modification. For example, 
if the Colorado employment in manufacturing industries is far below the 
national, but is closing this gap by a certain amount, on the average, each 
year or each five years, then modification of the national matrix projections 
is easily done and the desired local projections can be obtained. For example, 
if Colorado employment in manufacturing occupies about 19% of the employment 
compared to 29% for the national. If the national projections indicate that 
the 29% is likely to remain unchanged for 1970, and if one can assume that 
Colorado will tend to add 1/2% per year to manufacturing (evenly taken from 
all other categories), then the national matrix could once again serve as the 

basis for derivation of local projections. 

In the case that the local occupational patterns differ significantly from 
the national patterns, and have no discernible regular relationship to the 
national patterns, then different approaches must be adopted. One possibility 
is to disaggregate the local occupational matrix and compare each industry with 
the national patterns and changes in those patterns. It is likely that indi- 
vidual industries (such as state and local government) will bear a discernible 
relationship to the U. S. total for such industries, even if aggregate rela- 
tionships are unclear. Many supportive industries are more closely related to 
population than they are to supplying industries or to markets. These are 
broadly the "service'* industries (schools, medicine, banking, insurance, por- 
tions of the transportation industry, state and local government, portions of 
construction, retail and wholesale trade, and similar industries). These 
activities are not evenly distributed over the United States economy, but what 
is important is that they bear a predictable relationship to population or to 
a sub-region of the total economy. Banking and financial activities will be 
relatively more heavily concentrated in New York, Chicago, San Francisco and 
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Los Angeles than in Denver. But if the estimates for final demand and economic 
activity for Denver can be projected in 1970 and 1975, then it is feasible that 
the relation of finance occupations for the U.S. SMSA*s (excluding New York) 
to total economic activity will help in estimates for the Denver finance occu- 
pations. 

Still another approach to the projection of occupational patterns for the 
Denver SMSA is to re-do for the regional economy (in this case probably Colo- 
rado, Wyoming, and portions of northern New Mexico, eastern Utah, northern 
Arizona, and western portions of Kansas and Nebraska) what was done for the 
entire U. S. economy. For example, if input-output tables for the Denver SMSA 
were available for 1947 and 1958 (or whatever years were available for the 
national economy), then it is possible to conceive of a sub-region analysis 
comparable to that of the U. S. economy as a whole. Final demand projections 
would first be made (based on projections for "export" industries and various 
types of domestic sectors). The occupational projections for 1970 and 1975 
could be made on the basis of productivity and occupational profile projections. 

Another method, particularly adaptable to regional input-output tables, 
when available, is to categorize SMSA*s into five or ten different types and 
then study only one "typical" example of each category. The results from these 
studies would then apply to each individual SMSA, using the proper "ideal" type 
as a guide. Denver would fall into that category where the SMSA fulfilled the 
service, government, and entrepot functions for a fairly large primary produc- 
ing area. This gives the Denver economy a definite hour-glass shape — heavy 
primary and tertiary employment, but relatively small secondary, manufacturing 
employment. Denver's manufacturing employment is concentrated in food process- 
ing (servicing agriculture), printing and other service type manufacturing, 
and in two fields where historical accident found two major firms prospering 
and expanding — Gates Rubber (rubber products) and Schwayder Brothers (luggage 
which is included in leather products). Schwayder has recently announced 
plans for a new headquarters and plant in the Denver area, but additional 
expansion by Gates, or other existing manufacturers, is likely to be 

by cost considerations. Thus, the "hour-glass" category of SMSA s 
will probably continue to apply to Denver, which like other SMSA's in this 
category will still add non-service manufacturing, but probably not in large 
numbers. This approach is similar to the one described earlier that concen- 
trates on the "service" industry component, but only because Denver's economic 
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composition corresponds to that type of "ideal” SlfiSA. Various other types of 
SMSA's X70uld require very different approaches. For example, an SMSA heavily 
oriented to heavy industry or steel x^ould have an I-O table with a middle bulge 
(heavy manufacturing) and xfould be quite different from the "service" approach. 
Modifications away from the ideal projections would then follow. 

Another approach to SMSA occupational projections is to make a thorough 
locational analysis of American industry, with particular emphasis on projec- 
tions. Such a study lends itself to being combined with estimates of future 
technological changes (products and productivity), because often these changes 
are closely related to locational shifts (and centralization or decentralization 
moves) .3 Industry associations have great interest in such studies and often 
have considerable data and information. Moreover, such a study supplements all 
other local or regional studies and x^rould permit taking account of foreign com- 
petition and markets, which are so important to the national I-O projections. 

It amounts to an industry analysis, with emphasis on geographical distribution. 

No single method of projection for the SMSA's is best. Each makes differ- 
ent assumptions, and those assumptions that appear to be most proper for the 
SMSA and the data should determine the method most likely to give good results. 
All methods, except perhaps the detailed I-O tables, assume that the occupa- 
tional profile of the sub-region is the same as that of the entire economy. 
Studies to check the validity of this assumption appear to be in order. Not 
every industry sector is sufficiently homogeneous, either in product mix or 
in locational plant mix, to assume a priori a homogeneous occupational profile 
for each dollar of output throughout the economy. For example, an SMSk heavily 
weighted with pedigree dogs will have a very different occupational profile, 
for each dollar of output in "livestock products," than does an SMSA heavily 
weighted with poultry farms or cattle spreads. But perfection is not the goal. 
Projections adequate for good decision guides in vocational and general educa- 
tion is the aim. The matrix and I-O approach provides sufficient flexibility 
and plenitude to show considerable promise. Let us proceed to see what data 
are available and how this might affect our decisions on method. 
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THE DATA 



The data upon which all occupational projections must presently depend 
are census data. There are also available in far less detail data from the 
Current Population Survey, the Bureau of Labor Statistics' series on employ- 
ment and earnings, and data from the Bureau of Employment Security. In addi- 
tion there are special industry or occupation surveys and also special area 
skill surveys. However, all of the occupational basic data applicable 
directly to SMSA analysis stem from the decennial census and with this data 
we will begin and end the section on data analysis. 

The decennial census has traditionally included questions about the 
occupation of those employed. In the 1950 census occupation data were taken 
in detail by the enumerator. The 1960 questionnaire for detailed social. and eco- 
nomic questions was left with the interviewee, on a 25% sample, to be filled 
out at leisure and mailed in. The 1960 census was evaluated by a series of 
studies, series ER 60, Evaluation and Research Program of the U. S. Censuses 
of Population and Housing (ERP). Using the PES to evaluate the 1950 census 
and the ERP to evaluate the 1960 census, a good understanding can be reached 
for the role that census data should play in occupational projections. The 
important thing to keep in mind is that these evaluations deal only with the 
major occupational breakdown on a national basis. For SMSA occupational 
projections, detailed occupational information on a local basis are tradi- 
tionally used. 

In the PES re-survey of the 1950 census, between 25,000 and 35,000 "best” 
respondents were interviewed by superior interviewers who were paid on an 
hourly basis, instead of the piece rates used in the census. "The PES infor- 
mation was compared with the census information on a case -by-case basis by the 
PES interviewer in the field, immediately following the PES interview. An ex- 
planation of any discrepancies was sought from the respondent, and appropriate 

3/ 

changes made in the re-interview results where needed. "*~ Thus the PES class- 
ification is considered "correct," and the classification of the census is 



3/ 

~ U. S. Bureau of the Census, The Post-Enumeration Survey ; 1950 ; Bureau 
of the Census, Technical Paper No. 4, Washington, D. C. , 1960, p. 1. 
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compared to that. Errors due to under-reporting (or over- reporting, although 
for the census as a whole estimates are probably under-reported by some 3% 
million) or coding or machine imperfection are relatively unimportant for 
occupational information. The main error by far is the incorrect classifi- 
cation error. 

Table I tells us, for example, from column (10) that the census classi- 
fied 4,910,000 of those employed as professional, technical and kindred 
workers. Of these, 39,000 were erroneously included in the census, leaving 

4.871.000. Of these, 364,000 are listed as "occupation not reported,” and 

11.000 as under 14 years of age, leaving 4,496,000. Of the 4,496,000 which 
census classified as professionals, 11,000 should have been farmers and farm 
managers; 95,000 should have been classified as managers; 106,000 should have 
been classified as clerical and kindred workers; 31,000 as sales workers; 

83.000 as craftsmen, foremen, and kindred workers; 76,000 as operatives and 
kindred workers; 36,000 as service workers; and 13,000 as laborers. This 
leaves 4,045,000 classified as professionals in both PES and census* According 
to FES^ 4,543,000 should have been so classified. 

There are several ways that the various errors can be evaluated and 
summarized. The lower portion of Table I is the way it was done in the PES 
analysis. After presenting the ERC data for the 1960 census, the errors will 
be presented in the same form as found in the ERC analysis, and the two cen- 
suses will be compared. For the same column (10), professional, technical 
and kindred workers, one starts with the same total reported in census, 

4.910.000. Of these, 39,000 were erroneously included in the census; 11,000 
were under 14 years of age; 364,000 did not have their occupation reported 
in either the census or the PES, or both; 451,000 were erroneously included 
in class in census; 381,000 were erroneously excluded from class in census. 

The gross overstatement in census was 501,000; the gross unders tatement in 
census was 498,000; and the total gross errors in the census, adding the two 
previous totals together, was 999,000. However, since the understatements 

and overstatements in large part offset one another -- for the totals only 

the net deficiency as percent of census count is quite small, only -.06%. 

If, on the other hand, each gross error total is taken by itself, the per- 

centage error is in the order of magnitude of 10% each . Once again returning 
to the PES table, however, if a percentage distribution of the major occupa- 
tions is compiled for census and for PES, the largest difference is only .36% 
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and it is for column (12), managers (9.04% for census and 9,40 for PES). This 
means that on an overall basis, most of the errors were offsetting. The impor- 
tant question for this study is whether these errors would be offsetting for 
small sub-regions and for detailed occupational groups. Although nothing has 
been released on this general analysis, and perhaps the FES did not have 
sufficient data to justify a more detailed breakdown, the census people them- 
selves have raised questions regarding -the quality of the occupation information. 

"Experimental evidence collected during the course of the 1950 censuses 

demonstrated that the variability of interpretations and performances of the 

enumerators could have an adverse effect on the quality of the data collected 

--especially on data for characteristics that are difficult to classify such 

4/ 

as employment status and occupation. 

Table II shows the same analysis for major industry group for all persi»ns, 
as was discussed for major occupation. The classification errors for industry 
are somewhat smaller than for occupations, with total gross overstatement plus 
understatement running about 14,000,000, as compared to almost 18,000,000 for 
occupations. No analysis of the errors of cross-classification is available 
(by industry, by occupation). This is most unfortunate because these are the 
classifications needed to begin work on occupational profiles. 

For the 1960 census a different approach was used to check the occupation 
and industry responses. First of all one should keep in mind that the census 
itself was conducted in a different way. The more detailed questionnaire on 
social and economic matters was left at 25% of the homes and mailed into the 
Census Bureau with a "follow-up." This procedure eliminated errors th'^c might 
be introduced by the enumerators, or variations in approaches of the enumera- 
tors. The portion of the ERF that concerns this study is the Employer Record 
Check (SRC). "This study was designed to obtain information on the compara- 
bility of census reports made by respondents concerning their occupation and 
industry with corresponding information obtained from their employers. Occu- 
pations as reported by employees were matched with occupations as reported by 
their employers for a sample of employees reported in the census. In addition, 
the classification of the industry of these employers was identified in records 



~^U. S. Bureau of the Census, Frocedural Report on the 1960 Censuses 
of Fopulation and Housing . Working Paper No. 16, Washington, D. C., p. 8. 
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of the Bureau of Old Age and Survivors Insurance, and comparisons were made 
of these classifications with industry as reported in the population census. 

Since the city of Denver was included in the two*°stage area procedure, 
as were most of the SMSA's, let us go over the "professional" category for 
the two-stage areas (Column 4)» Only 3,579,000 were classified as professionals 
by the employer record check (ERC>. Of these, 17,000 were incorrectly reported 
by census as managers; 150,000 as clerical; 36,000 as sales workers; 127,000 as 
craftsmen; 38,000 as operatives; 21,000 as service workers; and 21,000 as 
laborers. Therefore, although the number of professionals reported is con- 
siderably less than that reported in 1950, the order of magnitude of the 
classification errors, as estimated by the employer check, was as great. 

Only 3,169,000 professionals were classified by both census (out of a total 
of 3,985,000) and ERC (out of a total of 3,579,000). In 1950, the number 
classified by both were 4,045,000, out of a total of 4,910,000 for census, 
and out of a total of 4,543,000 for PES. In other words, in both the 1950 and 
the 1960 censuses about 80% of the professionals had a common classification 
in census and the FES and ERC, as a percent of census. However, it must be 
stressed that the 1960 ERC check was an employer survey, instead of a house- 
hold survey (see Table III). 

The industry reporting of the 1960 census appears to be a considerable 
improvement over the 1950 census. Table IV shows the major industry groups 
in census and ERC. Except for construction, wholesale trade, and business 
akid repair services, the matches are quite close. Somewhat less reassuring 
for this study is Table V, where the place of work is compared by ERC and 
1960 census. Of 28,539,000 employees in the two-stage areas reporting a 
place of work, only 23,996,000 reported the same place of work as found 
in the ERC. If an error of approximately 15% in the place of work 

5a/ 

designation must be aided to the errors in industry and occupations, — 
then the outlook for the use of census data for an SMSA detailed occupational 



— ^U. S. Bureau of the Census, Evaluation and Research Program of the 
U, S,. Censuses of Population and Housing . 1960 ; Background, Procedures . and 
Forms . Series ER60, No. 1, Washington, D. C., 1963, p. 8. 

5a/ 

— Although the place of work error is not necessarily additive to the 
errors in industry and occupation, for SMSA occupation projections the addi- 
tional place of work error must be taken into account. In lieu of more infor- 
mation, a simple additive relationship may be implied— but only as a first 
approximation. 
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TABLE III 
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Source; The Employer Record Check , Series ER 60, No. 6, Bureau of the Census, U. S. 
Department of Commerce, p. 9. 



2,589 

961 

961 

490 

432 

39 

1,628 

21 

19 

83 

124 

242 

86 



976 

483 

483 

274 

209 

493 



66 

66 

2fiL 



1,613 

478 

478 

a6 

223 

39 

1,133 

a 

19 
83 

124 

176 

20 
692 




17 



TABLE IV 



mrai XKDUsnT onow Acccwon to Aocxal aEcntm AwansnuTicM and iom cknsib; rat ccntbwwous mnEO states, bt vat or oiimeratiom area 

(TheuMndi of perim. ooelil Seourlt; eloMlflcatlan !• on bt»l« of SIC. Ceniuo cltiilfleotleB lu ■odlflotlen of SIC) 






— - — — • - 


• " 








Ceneua claaalficatiofi 


1 --ij..... 


















r 














Tranflpor- 












Enter* 








Total 

•mployrd 

with 

induatry 

reported^ 


Agri- 






Hum- 

fac- 

turli^- 

durable 

gooda 




Nuiu* 




I 


'innnee, I 


Ktai- 




tain- ^ 


ProTea* 




Social wcurity adnlnlatnitian 
eliMificatlon and area 


!<ilture, 

for- 

eatry, 

and 

fish- 

triaa 


Hinii« 


Con- 

■true- 

lion 


fae- 

turlng- 

ncfi- 

durablt 

gooda 


fac* 

luring- 

not 

ipaoi- 

fied 


tatlon, 
canmuni* 1 
caticn, 
other 
public 
utilitlaa 


ilhole* , 

Bale 

trade 


1 

ReUil 

trade 

« 


Lniur- 
ance, 
and 1 

real 

latate t 


noaa 

and 

repair 

aer- 

rioii 


Per- 

•onal 

aer* 

vieta 


■ent 1 
and 

recrea- 1 
tion 

aar* 

rioag 


licnal 

wid 

related 

■er* 

vicea 


Public 

adainia* 

iratien 




<i) 


(2) 


(3) 


(4) 


<5) 


(6) 


<7) 


(8) 


<9) 


(10) 


<U) 


(12) 


(13) 


(U) 


(15) 


(W) 


mriTED STATES 


































Total emplcived.. ........ .... 


48,499 

4,S76 

2S6 

4,320 


213 


402 


2,6U 

934 


10,133 

716 


8,636 

618 


87 


3,697 

154 


1,663 

149 


7,807 


2,231 


1,009 


1,373 


« 4U 


5,483 


" 2,736 




66 


66 


66 


1,061 


106 


226 


330 


64 


373 


45 




17 


19 


77 








64 


39 




40 




• 


• 


EtoployTT for* ^Vn^iodo- 




66 


517 


697 


341 


66 


134 


149 


997 


67 


226 


290 


64 


373 


43 


VronA addresa, out of tualncMi 










208 


290 


43 


373 


45 


ifiatifff riant nddnaee.......... 


3,886 

432 


66 




493 


477 


479 


66 


134 


U9 


» 976 


67 


Not ennigh ififoniatiGn to code. 




66 


24 


ao 


62 








21 


- 


18 


- 


a 


- 


- 


ftiduatry ............ ...... 


4?,9?1 


147 


336 


2,077 


9,417 


S’.fJlR 


21 


3,343 


1,314 


6,746 


2,123 


783 


1,043 


330 


3,U0 


2,691 


Africulture, f oral try, and 




17 








2G3 


41 




42 


a» 


m 




m 


103 


• 


• 


• 




• 


• 


Mnli^ 


270 




270 




a 






• 


• 


• 


• 


- 






- 


- 


Conatnictfcn... 


1,836 

S.629 

7,064 


* 


*75 


la366 


100 


69 


21 


66 


24 


40 


• 


42 


• 




• 


• 








76 


6.050 


320 






94 


23 


27 


17 


• 




20 


- 


Mamifaetur£j)i:-nGndurable f ooda. . a . 


• 




22 


6a3a 




- 


126 


86 


- 


43 


- 




- 


- 


Trmportation, eonnunioatian. 








23 


19 




3a064 


64 












21 




other iKfiblic utilltiaa 


3,213 

2,669 

6,760 






20 




• 


— 


• 


• 




— 




66 




21 


462 


634 








396 


• 


22 


- 




a 


m 


filataii tradn a..** 


17 


m 


93 


275 


ao 




64 


3.813 


a* 


30 


64 




43 


a 


Finance, Inaurance, and real 










38 


22 


2,078 








60 






2,363 { 
794 1 




m 


84 


40 


42 




19 


m 


• 




«a 


Buaineaa and repair aervicea 


• 


m 


24 


62 


35 








93 




A94 

?7 


- 




a 


23 


IToramaH ■mfirrit- ......>> a.aa aaa > 


1,103 








27 


19 




m 


— 


41 


• 


963 




26 


• 


Ehtertaiaaent and recreation 










• 














236 

“2i 




• a 


•anfieec a - r - - - a a • a a • > • ■ > a > • • > ■ > > ■ 


311 

3,362 








34 


w 




m 


- 


- 


• 


• 


• 


• 


IM'eiiionai and related aervlceia 


. 




19 


63 


- 




231 


- 


100 


- 


66 


18 




113 


PllMin 'M^ini^tmtim. . . .. . . a a . . a. 


3,264 


21 




286 


61 


39 




79 


m 


23 


— 


72 


• 


66 


134 




SINOU-STAn AREAS 






• 


















Ta4l« 1 Mmlowrd. ....... a .... . 


7,647 1 

i,oa 1 


66 


132 


494 


1,U7 

68 


1,362 

168 




9a 


2U 


1,379 


64 


66 


328 


m 


1,094 


410 


Xndiiatrv not rmtoii 


66 


66 


74 




84 


. 


299 






132 


m 


64 


«» 


Eaplogrer fona not returned a 














• 


• 


• 


- 








- 


m 


rmniowm r<m retimed.. ...... a. •• 


i,oa 


66 


66 


74 


68 


168 




84 


m 


299 


— 


m 


132 




64 


m 


Wrong addreii, out of buainaaa. 


168 




84 




299 






132 




64 




<aiatieririMt4 sddreee. a . . a . a . . a 


953 

66 


66 

m 




74 


68 




m 


— 


• 




m 


UWU4& m m m m m9 m mm 

Not enough inforaation to code. 


66 








m 




- 


- 


- 


m 


- 




- 


- 


Tnduetftv ........ 


6,626 


m 


66 


420 


1,0(9 


1,394 


m 


837 


214 


1,080 


64 


66 


196 




1,030 


410 


Agriculture, foreatry^ and 
























fiaherieaa*aaaa.«aaaaaaaaaaaa aOaaa 


64 


m 




m 


m 


m 


m 


— 


• 


84 




m 


• 




— 


* 


Mlnfl^a.f. a.aaaaa'aaaoaaaa 




m 










m 


• 


. 


- 




m 


- 


m 


- 


• 


Canetmetifln.a a a.aaaaaaaaaaaaaoaoa 


460 




IS 


280 




68 




66 


• 


. 




m 


• 


m 


- 


* 


Mwuf actUFing-durable goods 


1,178 






981 


197 




- 


- 


- 






- 


m 


- 




Ifanufaeturing-nandurable goodaaaaa 
^importation, conaMnication, 


1,149 






• 


- 


1,063 




- 


84 


• 




m 


— 




— 


* 














603 


















other public utilitlea 


667 






- 


- 


• 




64 


- 


m 


m 


— 




— 


* 


tnede.B a a . a a . a a a a a a a a a a a 


263 






m 


68 


64 




m 


66 


67 


m 


m 


• 




— 


• 


Netail trade. 


1,131 




m 


74 




• 




84 




929 


m 


m 


64 




- 




Finaice, Iniurance, and real 


. 

m 










# 




















130 


m 


66 


m 


m 




m 




• 


m 


• 




— 


8li 


Bualneaa end repair aervicea 


66 


m 




• 


- 




- 


« 




m 




- 




- 


« 


ftaramel aei^cea.. a. 


132 


m 


m 


m 


• 


m 


m 


• 


— 


• 






132 




• 


m 


EntertalJinent and recreation 








r 






. 


















aarvicea. a 




m 


m 


m 


a* 


m 


• 


• 


• 


m 




• 




* 




PNfesslonsl aid related aarrlcea. 


962 


m 


m 


• 




- 


m 


84 


- 


- 


m 




- 




898 




Public edadnietretifln.aaaa a a aa* a* a 


342 








m 


m 




• 


— 


— 






o 




132 


•my-stna areas 


1 




























' Total anploywd* • a a a a a a a • ■ 9 ■ • 


40,632 


147 


270 


2,U7 


9,a6 


ijcnA 


87 


2,776 


1,U9 


6,428 


2,167 


943 


1,047 


4U 


4,391 


2,321 




3,333 

236 

3,299 

2,933 

366 




1 


460 


648 


430 


66 


70 


U9 


762 


106 


a6 


198 


• 64 


311 


49 


fiW>loyer fom^ not ratumed 

rnonl retumed.... .. .. ... 


- 


a 


17 

443 


19 

629 


77 

373 


66 


TO 


U9 


64 

698 


39 

67 


,a6 


40 

138 


64 


311 


41 


Wrong addrtii, out of buaineii, 
ifieuCriciant addreoBa... ...... 


• 




419 


409 


311 


66 


70 


U9 


677 


67 


208 


138 


43 


3U 


« 


Hot enough infomation to oodb# 


- 


m 


24 


220 


62 


- 


- 


- 


a 


m 


18 


• 


a 


- 


d 


•TAaUMtW rflfWtd. .. .........aa.aaaaBBBa 


37,097 

121 


i 


270 


1,637 


8,368 


6,624 


a 


2,706 


1,300 


3,666 


2,061 


717 


849 


330 


4,080 


2,2« 


Agriculture, foreatry, nd 

f iaherlaa a a a a aaaaaaaaaaaaaaaaaaaa 


I ^ 




i2 






17 


a 














pHnlflf 


270 




270 


• 


• 






• 


- 


- 


- 


42 


- 




• 




* COnetrUCtiOhaaaaaaaaaaaaaaaaaaaaa^ 


1,336 

7,451 


V m 




lal08 


100 


21 


a 


- 


24 


40 


- 


* 




20 




Miiiufacturijig-durable gooda 


I 




76 


7a069 


123 




- 


94 


23 


27 


17 


- 






Mmufacturlng-nondtirable gooda#*.# 
Tnnaportaticn, coaiunication. 


5,935 


1 




22 

20 


a6 

23 


^26 

19 




2a461 


42 


86 


• 


43 


m 




a 




other public utilitieia a a a a a aaa a a 


2,346 

2,404 

3,629 


H « 


m 




— 


• 


• 


a 


• 






Wholeaele tccAa. ..... ..... 


1 ^ 


m 


a 


394 


370 




• 


979 


329 


- 


• 




a 




Weteil tred#»a.* 


1 


m 


a 


273 


ao 




•a 


XiSS 


4.884 


• 


30 


• 




43 


A 


Finance, Insumee, mA real 












19 


36 


22 










60 




eatatea aaaaaaaaaaaaa#aaaaaaaaaaaa 


2,233 

726 

971 


1 


m 


18 


40 


42 




428 

’17 


• 






Buaifieaa «d repai? aenrioaaa.a.aa 

fUrennel BerVireBaa aaa aaaa#aaaaaaa 


U ** 

U * 


m 

m 


24 


62 

27 


33 

19 




- 


m 


93 

41 


831 




21 

26 


i 


Biter* alMcpnt «d recreation 


1 
























236 

Ti 

66 








311 


1 


1 


« 


34 


• 




• 


m 


m 


m 


m 


m 


m 




F^epaion^ end reiated eervietta 
Mblie adiaiDiatration 


4,400 

2,722 


1 ^ 


1 : 


19 

286 


63 

61 


39 




U7 


m 

m 


100 

23 


m 

m 


66 

22 


. “ 


3.8U 

-*T2 


1 

2A 



to totu MplcviS la 1960 o«wia «uo to oseltwlca of eorttla enupa. Sm tost for Uat of oxoiwlcaa. 

Epj(^ Source; The Employer Record Check . Series ER60, No. 6, Bureau of the Census, 
u. S. Department of Commerce, p. 12. 



18 



TABLE V 



ruici or wwi «ccoA>im to anxim «» i 960 owsus: rai contbmnods onitd states 

(TtwnmnSr of pbmoiii) 



fhm% of vork 


Tclol oofitendnouo 
Vnitoa 9Ute» 


Ainflo-oUg* 

Ctnoiit omo 


fyo^aXaga 
Oonouo mrmai 


ToUl 


i8,i99 


7,847 


40,652 


flAM qf work fpcKTiM In 


46,717 


7,623 


39,094 


Rim oC work r«pori«d tn BIC 


34,078 


5,099 


28,979 


91m« of work vtyorMI koth C«wtt 0 anfl M 


33,638 


5,099 


28,539 


9am glAM of work rtforUO 


28,681 


4,689 


23,996 


DlffOvont plifo of work riporiii 


i,W 


4U 


4,543 


Mfroniii oowij or oltgr In mm oloto 


4,643 


348 




Mflkrtal oWto 


3U 


66 


348 



4toi ««Ml to total «gl<v«l li I960 ffwsai Swt to «nlwlea at Mitoln froi 9 «. 8m tost for list of tsalMioM. 



Source: The Employer Record Check , Series ER60, No. 6, Bureau of the 

Census, U. S. Department of Commerce, p. 13. 



o 
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analysis by industry is indeed bleak. The designation for "place of work 
refers to the geographic location in ubich persons at work carry out their 
job activities. In the ERC study, the employer was asked to give the location 
at which the employee reported to work, in terms of (a) city or county, and 
(b) State. If the employee was assigned to several locations, the place he 

worked most of the time was reported. 

Table VI shows the analysis of variance and bias for the ERG. The most 
readily understood column is column 6, which indicates the percent success of 
the census classification, using the ERC as a guide. Or, put in another way, 
assuming ERC is truly correct, then column 6 tells us the percent of the census 
classification that is correct. Table VII compares the results of column 6 for 
1960 (ERC) with those calculated from the PES study of the 1950 census. In 
general it shows that there was not a great improvement in the results of the 
1960 census, and in two categories a possible significant deterioration; how- 
ever, it must be stressed that the PES was a re-survey of households and the 
ERC was an employer su-rvey. 

The conclusion one must make from the review of the national data availa- 
ble from census in the occupation and industry fields is that these data are 
not too promising for use in job projections for SMSA's. Unfortunately, the 
PES and the ERC are not available on an SMSA basis, but if national estimates 
are any guide, the SMSA results would not be optimistic. If one were seriously 
thinking about use of the census data on an SMSA basis, it would certainly be 
Important as a first step to explore with the Bureau of Census the possibility 
of running special sections of the PES and ERC applicable to the specific 
SMSA's involved. The samples would get very thin for many cross-classifica- 
tions, but a preliminary exploration would be important. However, the ines- 
capable conclusion seems to be that occupational information should be gathere#i 
from employers, and the sooner such a program is inaugurated, the sooner will 
we have reliable information on which to rationalize the labor market. Maurice 
Gershenson, Chief, Department of Industrial Relations, State of California, 
recently testified to this effect before the Joint Economic Committee. 

"Our occupational statistics are entirely inadequate. The need for 
detailed current statistics of employment by occupation was pointed up by the 
Gordon committee report, 'Measuring Employment and Unemployment,* (pp. 202- 



- ^md . „ 3. 3. 
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TABLE VII 



COmRISON OF THE PERCENT IN ERG AND PES 
CUSSIFICATIONS IDENTICALLY REPORTED* * 



Primary Job Title 


1950 


I960 


Professional, technical and kindred workers 


897c 


897« 


Managers, officials, and proprietors, except farm 


76 


57 


Clerical and kindred workers 


87 


83 


Sales workers 


82 


89 


Craftsmen, foremen, and kindred workers 


81 


82 


Operatives and kindred workers 


82 


84 


Service workers, except private household 


86 


84 


Laborers., except farm and mine 


66 


50 



Source: 1950 figures calculated from Table I, using formula in ERC, p. 6; 

1960 figures from Table VI. 

*It should be kept in mind in reading this table that the ERC (1960) was an 
employer check on census, whereas the PES (1950) was a jost-enumeration 
survey of census, or a re-survey of households. The two are not strictly 
comparable . 
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205). 1 endorse the recommendations of the committee for better occupational 

statistics, and urge these recommendations be implemented as soon as possible. 

The second main source of occupational data on a national basis is the 
Current Population Survey (also referred to as the Monthly Report on the Labor 
Force or M.R.L.F.). Unfortunately this is also a household survey and thus 
suffers from the fact that like the census the job title information is unde* 
pendable. The enumerators for the Current Population Survey are most skilled. 
However, the PES and ERG surveys of the 1950 and 1960 censuses proved that, 
particularly in the occupation and industry questions, the role of the enum** 
erator is not crucial. What is required is standardized employer data.**^ 

The Gordon Committee summarized their reaction to the M.R.L.F. data as 




follows: 

Almost the only current reports on employment in various occupations 
are from the household survey. Although information is collected in much 
more detail, it is grouped into about 30 broad classes for publication. 

This is done because the data for most specific detailed occupations are 
not considered reliable. A major reason is that the number of pennons 
reporting a given occupation in any one month in the present sutvey is 
too small to constitute i statistically reliable sample. Another reason 
is the difficulty of obtaining accurate information from the housewife or 
other family respondents to questions about the occupatioiis of all employed 
household members. The reply is often ambiguous or incomplete; frequently 
the worker himself does not know the proper title for his occupation. 



Despite these weaknesses, the Committee recommends that more use be 
made of the household survey to obtain occupational distributions. It 
should be noted that the survey is the only source of information for 
unpaid family workers and for many categories of the self*employed, and 
that it is especially valuable for those occupations, such as construc- 
tion, in which workers shift back and forth from wage and salary work to 
self-employment . 



— ^Improved Statistics for Economic Growth . A Compendium of views and 
suggestions from individuals, organizations, and statistics users. Joint Eco- 
noiaic Committee, July 1965, p. 47. However, one would hope that whomever 
compiles the employer occupational data is as dedicated and responsible as 
Census and provides an independent check on the data (as ERC provides a check 
on Census). 

Qi 

—'See Concepts and Methods Used in Household Statistics on Employment and 
Unemployment from the Current Population Survey . June 1964, BLS Report No. 279, 
Current Population Reports, Series P-23, No. 13. Also see ERP, Series ER60, 

No. 5, Accuracy of Data on Population Characteristics as Measured by CPS- 
Census Match , especially pp. 37-49. The percent in CPS professional class 
identically reported was 89.38%; for managers 65%; and for laborers 59%. 
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Several possibilities present themselves for improving the survey 
results-. The quality of response to occupational questions could be 
improved by the use of special questionnaires to be left by the inter" 
viewer and mailed in by all employed persons in the household. Special 
surveys could also be made in which the worker is interviewed directly. 

The problem of high sampling variability in many occupational classifi- 
cations could be reduced by the occasional use of a much larger sample 
than the present monthly survey. Even with the present sample, it would 
be entirely feasible to accumulate the data now collected monthly for a 
given occupation over a period of several months or a year to obtain dis 
tributions of greater reliability. 

Despite the desirability of increased use of the household survey, 
the Committee believes that, for detailed information on individual 
occupations, reliance must be placed on information from employers. 

This source is presently used to provide data on only a few occupations. 

The Bureau of Labor Statistics collects information annually on scien- 
tific, technical, and engineering personnel from employers by means of a 
mail questionnaire. Occupational statistics are also collected as a by- 
product of wage-rate studies conducted by the BLS for specific industries 
or communities and in connection with local -area skill surveys of the 
Bureau of Employment Security, A number of Federal agencies, such as 
the Interstate Commerce Commission and the Civil Aeronautics Board, 
collect occupational data for the industries they regulate ..i' 

The M.R.L.F, data are being used for long-term manpower projections by the 
BLS because they provide the only complete estimates between census years. The 
manner in which they are employed and the method for reconciliation with the 
census is described by Harry Greenspan. — However, even on a national basis 
Greenspan warns, "Our interest extends beyond the broad occupational groups to 
specific occupations. Doubts about broad group estimates in the Census are 
likely to be sharpened when we consider detailed occupations. Any errors in 
the broad group estimates in the Census are averages of errors for the detailed 
occupations in the group, and a broad group estimate in the Census which appears 
reasonable in total may result from offsetting errors for individual occupations. 
Thus the evaluation of the gross errors in PES and ERC are important when one 
attempts to proceed from the major occupational groups to the more specific 
occupations. Even more difficulties present themselves when one proceeds to 
specific occupations in specific SMSA's. 



~ ^Measuring Employment and. Unemployment > President* s Committee to Appraise 
Employment and Unemployment Statistics (The Gordon Committee), 1962, p. 203. 

—^"Estimates of Employment Requirements by Occupation for Future Periods 
--Data Sources and Model Development," pp. 49-52, in Long-Term Manpower Projec- 
tions, Proceedings of a Conference conducted by the Research Program on Unem- 
ployment and the American Economy, Institute of Industrial Relations, University 
of California, Berkeley, June 25-26, 1964 (mimeographed), R. A. Gordon, editor. 
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TABUS VIII 



EMPLOYMENT ESTHETES FOR SELECTED OCCUPATIONS, CENSUS 

AND OTHER SOURCES, 1960 

Employment fin thousands) 









Census as a 








Other 


% of other 


Description of other source 


Occupation 

„ . 1/ 
Engineers- 

Chemists^^ 


Census 


source 


source 


681 


649 


105 


B.L.S. Survey of Employment 
of Scientific and Technical 


67 


77 


87 / 

\ 


Personnel in Industry 


1/ 

Draftsmen- 


186 


210 


89 J 




Dentists 


83 


87 


95 


Licensure statistics 


Professional nurse 582 


504 


115 


Joint estimate of the Inter- 
agency Conference on Nursing, 










and Statistics based on a 
variety of data 


Student nurse 


57 


115 


50 


Enrollment statistics 


Pharmacist 


92 


117 


79 


Census of N.A.B.P. members 
and licensure data 


Physician 


229 


225 


102 


her ship records of A.M.A. 
adjusted 


Veterinarian 


15 


20 


75 


Membership of A.V.M.A. plus 
known nonmembers, less retired 


Telephone 

operators*' 


220 


218 


101 


Data submitted to the Federal 
Communications Commission 


Postmaster 


36 


35 


103 . 
■ 




Postal clerk and 




258 


82 ; 
1 


Post Office payroll records 


supervisor 


212 


Mail carrier 


196 


204 


96/ 





—includes private wage and salary workers outside of colleges and universities 
and non-profit organizations. 

—^Telephone industry only. 

Long - Term Manpower Pro lections , op. cit«» P» 



Source : 
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What Greenspan and Taylor hold out considerable hope for is the special 
studies based on good information for one or a few occupations. Greenspan 
presented a table summarizing these various "other sources,'* according to the 
occupation they cover. In addition, occupational estimates may be developed 
as a by-product of the BLS wage-rate studies for about thirty occupations, and 
there will be additional occupations covered, such as those for which the Civil 
Service Commission collects data. All in all, an impressive number of occupa- 
tions will soon be ^^aced on a fairly current basis, covering perhaps 10,000,000 

workers . 

For a regional breakdown of the occupational data, only two additional 
possibilities exist. First, there are the BLS and BES payroll and unemployment 
insurance data which permit good estimates for employment by industry on a cur- 
rent basis. No occupational data is gathered, except in very gross form, but 
the current employment data would be useful if, and this is an important quali- 
fication, occupational profiles by industry were applicable to the region or 
SMSA. The second type of data available are the area skills survey data. 

These are done by the local state employment offices and are based ». n inter- 
views and questionnaire® with employers. Unfortunately, the studies of 
employer estimates of employee needs are not too encouraging. What appears 
to be the ideal combination is standardized employer data on a current, con- 
tinuing basis, but analyzed by occupation, industry and region on an overall 
basis by economic and business experts. Since the ideal type of data will not 
soon be available, we must proceed as best we can with the information now 
available* Hopefully, the short-run plans for extending and improving the 
current information will proceed along the lines of the ideal long-run solu- 



tion. 
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THE PROJECTIONS 

In the previous two sections "ideal” methods for vifoj®ctions were devel- 
oped assuming "ideal" data were available, and then the actual data that 
presently exists was critically examined. Our currents task is to decide what 
it is that we are trying to project, develop measures to evaluate our projec- 
tions, and then recommend methods to use. 

There is more than meets the eye to the question, ''What is it that we are 
trying to project?" Obviously we are trying to project occupational needs for 
an SMSA in 1970 and 1975. But are these occupational reeds defined as what the 
1970 census says they are, or are they what will exist in the real world, or 
are they what might be measured by a new statistic or survey made in 1970 or 
1975? If we were to try to anticipate the results of the 1970 Census, then 
the problem would be straightforward. Errors in the previous census data 
might not bother us because most of these errors will also be included in the 
future censuses and they might be fairly consistent. The fact that the census 
information, particularly for occupations and industry employment, have only 
a tenuous and unknown relationship to what happens in the real world is not 
important, if the first approach is adopted. All one need assume is that the 
task requires a projection of the 1970 Census results (or 1980 or 1990) and 
the degree of success is measured by how close the estimates come to the 
"actual" census results. However, such estimates might be poor guides to 
vocational and educational policies — unless the assumption can be made that 
the errors in the censuses can be corrected for by the statisticians or the 
educational authorities. Since there is no way of evaluating these errors in 
the detailed occupational breakdowns, even at the national level, le^: alone at 
the SMSA level, the census approach is not hopeful. 

The second method, to compare projections against what is happening in the 
real world, also presents grave difficulties. The "real world" in this case 
consists of a set of jobs and job vacancies that will exist in the Denver SMSA 
in 1970. These approximately half-million jobs and job openings must be classi- 
fied and tabulated, in order to become known to the researcher. The census is 
one method of attempting to estimate "the facts" in the "real world." However, 
if the census is not used, some other categories must be established and the 
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tabulations must then be carried out. There are no methods of getting at the 
real world of Denver's jobs in 1970, other than by surveys and counting. It is 
possible to follow the supply and demand situation of the Denver labor market, 
as exhibited through employment offices or advertisements or personnel depart- 
ment evaluations. However, these are more likely to be inconsistent (from 
period to period) and more open to error than even the census. They undoubtedly 
provide valuable bits of information in specific occupational areas, but for an 
overall estimate of the Denver labor market they too will not provide a relia- 
ble guide. Therefore, it is essential that some quantitative estimates of the 
set of jobs in the Denver SHSA. in 1970 be agreed upon to serve as a guide to 
the "success" of the projections and to serve as a guide to future improvements 
in data and method. 

The third method is to try to anticipate new measures that might be used 
for checks on occupational projections. At least two kinds of such measures 
are presently being collected and might be adapted for this purpose. The 
specialized occupational information collected by BLS from already existing 
material, partially summarized in Table IX, would also, in many cases, be 
available on a state or SMSA basis. For example, licensure statistics and 
association statistics would provide good estimates of the number of dentists, 
doctors, veterinarians, pharmacists, and other similar occupations on a state 
and SHSA basis. These checks, when applied with other key ratios, might well 
provide reliable guides to occupational projections. Similarly, the industry 
totals for employment are collected by both BIS and BES on a regional and SltSk 
basis. Since so much of vocational training in the blue-collar fields is 
presently oriented to an industry (i.e. the air conditioning industry, the 
electronics industry, the automobile repair industry, etc.) the regional data 
of employment by industry is important. If, in addition, limited occupational 
profile information can justifiabl 3 ' be applied (perhaps derived from national 
studies or case studies), then the industry- employment statistics become even 
more valuable. What these two additional measures finally amount to. is column 
and row totals for a regional or SHSA occupational matrix. Since data presently 
available does not permit reliable estimates for the body of the matrix, the 
most satisfactory method is to verify the projections with the row and column 
totals. The industry employment series of both the BLS and BES are continuous 
and reliable for the Denver SMSA, although knowledgeable reconciling of the two 
would be helpful. The occupational data is available for selected professions 
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TABLE IX 

COMPARISON OF EMPLOYMENT BY INDUSTRY, DENVER SMSA, 
APRIL 1960, CENSUS AND BLS 



Industry 

( 1 ) 



(in thousands) 





April 




1960 


1960 


Census 


Census 


BLS 


as % of 


SMSA 


SMSA 


BLS 


(2) 


(3) 


(4) 



Total employment 

Agriculture, forestry & fisheries 
Nonagricultural employment—' 

Mining 

Construction 
Manufacturing 
Nondurable goods 

Food and kindred products 
Meat products 
Dairy products 
Bakery products 

Other food and kindred products 
Textiles, apparel & leather 
Printing, publishing & allied industries 
Chemicals & allied products 
Rubber & miscellaneous plastic products 
Other nondurable goods 
Durable goods 

Lumber & wood products, including furniture 
Stone., clay & glass products 
Primary metal industries 
Fabricated metal product sr-' 

Machinery, except electrical 
Electrical machinery 
Transportation equipment 
Other durable goods 
Not specified manufacturing industries 
Transportation & public utilities 
Railroad transportation 

Motor freight transportation & warehousing 
Transportation by air 
Other transportation 
Communicat ion 

Electric, gas & sanitary services 
Wholesale and retail trade 
Wholesale trade 
Retail trade 



353.1 

7.0 

346.1 
3.3 

24.7 
67.6 

33.3 
11.5 

3.3 

1.7 

2.8 

3.7 
3-8 

6.9 
2.6 

5.9 

2.5 

34.0 

1.5 

3.0 

1.6 

14.8 

5.1 
2.6 

2.7 
2.7 
0.2 

30.0 

5.4 

7.1 
3.6 
2.3 

6.5 

5.1 

74.8 

17.4 

57.4 



323.9 

4.3 
21.6 
61.8 
30.0 

12.3 

3.8 

1.8 
2.7 

4.0 

3.5 

5.6 

1.5 

5.4 

1.7 

31.8 
1.7 

3.1 

1.4 

14.9 

4.4 

1.7 

2.6 
2.0 

29.4 

5.5 

7.7 

4.1 

1.5 

7.1 

3.5 
80.0 
25.7 
54.3 



106.9 

76.7 

114.4 

109.4 
111.0 

93.5 

86.8 

94.4 

103.7 

92.5 
108.6 

123.2 

173.3 

109.3 
147.1 

106.9 
88.2 

96.8 

114.3 
99.3 

115.9 

152.9 

103.8 

135.0 

102.0 

98.2 

92.2 

87.8 

153.3 

91.5 

145.7 

93.5 
67.7 

105.7 



(continued) 
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TABUE IX (c:osit.) 



Industry 

(i) 

General merchandise, apparel & accessories 
Food stores 

Automotive dealers & gasoline service 
Eating 6e drinlcing places 
Other retail trade 
Finance, insurance & real estate 

Finance, insurance, & holding & other 
Real estate & combination offices 
Service & miscellaneous (excluding gov*t. educ.) 
Hotels, tourist courts, & motels 
Laundries, laundry services & cleaning 
Miscellaneous business & repair services 
Amusement fie recreation services 
Medical and other health services 
Educational services (private) 

Other service fie miscellaneous (excl. educ.) 
Government (including education)^.' 

Federal 

State fie local (Including education) 

Industry not reported 



(in thousands) 



1960 

Census 

SMSA 

( 2 ) 

13.9 

9.3 
8.5 

10.9 

14.8 

20.7 
15.4 

5:3 

69.2 
5.1 
3.7 

10.6 

3.3 

17.9 
4.9 

23.6 

42.2 

17.3 

24.9 

13.8 



April 

1960 

BLS 

SMSA 

(3) 

14.0 
8.2 
8.2 

11.6 

12.3 

19.0 

15.3 

3.7 
50.8 

5.0 
3.9 

7.8 

3.1 

12.1 

4.8 
14.1 
57.0 
21.7 

34.4 



Census 
as % of 
BLS 

(4) 

99.3 

113.4 

103.7 

94.0 

120.3 

108.9 

100.7 

143.2 

136.2 
102.0 

94.9 

135.9 

106.5 

147.9 
102.1 

167.4 

74.0 
79.7 

72.4 



-^Census figures may be larger than BLS figures because BLS excludes domes- 
tic servants, firm members, proprietors, self-employed persons, and unpaid family 
workers. Also, in any particular category, census includes government employees 
who are working in that industry; whereas BLS puts all government employees in 
the category "Government.” In particular categories, BLS figures may be larger 
than census figures because census excludes employees under 14 years of age and 
some part-time workers. In addition to the exclusions in each set of statistics, 
census figures may be larger or smaller than BLS figures because census is house- 
hold data may include those living in the SMSA but working outside the SMSA 
aiid exclude those living outside the SMSA but working inside the SMSA; whereas 
BLS data are establishment data. Also, census figures may be larger or smaller 
than BLS figures because of the possibility of response errors in the collection 
of the decennial census. There also could be a difference in some sectors 
because of the difference in the reporting period between the two sets of data. 

~^BLS figure for "Ordnance” included in "Fabricated metals.” 



®^The major difference between the census and SIC classifications is that 
BLS includes all those who receive their pay from a public agency in the cate- 
gory "Government," whereas census includes in the correlative category, "Public 
Administration,” only those workers who are employed in the uniquely government 

(continued) 
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TABLE IX (cont.) 



services. All other government employees are placed by Census in the industry 
sector in which they are working. In this table, census figures for Govern- 
ment," include those workers in the census categories Public Administration 
and "Educational Services; Government." In the published census, the latter 
category is in the "Professional and Related Services sector. 



NOTE: Only the two major differences between the census and SIC classifications 
have been adjusted. Adjustment of the more detailed differences would probably 
make the two series more comparable. 



Source: Derived from data in U. S. Census of Population; 19^, Detail ^ Charac- 

teristics, Colorado . Final Report PC(1)-7D, U. S. Department of Commerce, Bureau 
of the Census, Washington; U. S. Government Printing Office (1962), Table 127, 
pp. 332-333; and "Estimated Nonagricultural Employment in the Denver Area for 
1960," U. S. Department of Labor, Bureau of Labor Statistics, Denver (mimeo- 
graphed) . 
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And occupations, and the data appears to be quite reliable. The major drawback 
is that most of the occupations are in the professional fields (physicians, 
dentists, optometrists, veterinarians, registered nurses, etc.). However, some 
series are available in occupations that hold great interest for vocational 
training (cosmetologists, barbers). If occupational projections for an SMSA, 
such as Denver, are compared to these row and column totals it should still be 
kept in mind that the totals are not the "real" world. They are estimates of 
industry and occupational employment for a given time period within a given 
region. Once again, sampling errors, coding errors, and mechanical errors are 
likely to be of relatively minor importance compared to errors of classifica- 
tion. However, these classification errors will probably be of a far smaller 
order of magnitude than in the census. (See Table VII.) With an understanding 
of what we want to project and how the "goodness of fit" might be approached, 
each of the major methods will now be discussed. 

Each of the methods for occupational projections have a matrix and non- 
matrix form. This means that each method can be applied either with a matrix, 
if the data is available and warrants this approach, or by using more conven- 
tional methods. The matrix provides one with a general purpose tool that can 
be used for each of the methods. At the same time, each method can be applied 
with conventional tools. Given the imperfect state of occupational data, par- 
ticularly at the Sl^A level, the most fruitful way of exploring methods might 
be to develop what each approach means when applying conventional tools and 
contrast this with the same method using the matrix tool. 

Method A 

Method A is the first naive model and is rimply a "no change" model that 
is useful primarily as a bench mark. In matrix form it would simply mean that 
the best estimate for each cell is the 1960 figure for the cell. In non-matrix 
form it means that the column and/or row totals that would be used for 1970 
"verification," can best be estimated by the 1960 (or the most recent data) 
totals. 

Mfethod B 

The second naive model, which is recommended for use as a second bench mark, 
involves applying the estimates for national employment growth to each of the 
cells and totals for the Denver SMSA. For example, if the "best" estimate for 
national growth in employment that results from the growth study is, say 15% for 
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the decade of the 'sixties, then the flat 15% rate could be applied to each 
cell of the occupation/ industry matrix, and also to each row and column total. 
Neither of the naive models are meant to be used for serious occupational pro- 
jections. However, they do provide a guide to the improvement gained by using 
more sophisticated methods. For example, if one has an estimate for physicians 
in the Denver SMSA in 1960 of, say 2,000, Model A would "predict" 2,000 physi- 
cians for 1970 and Model B (using the arbitrary 15% national growth factor) 
would "predict" 2,300 physicians. Let us assume that one of the more sophisti- 
cated models "predicts" 2,500 physicians for 1970, and the "actual" from the 
state licensing board, and/or from the Colorado Medical Association turns out 
to be 2,200. Several possibilities for evaluating the projections now present 
themselves. The absolute difference between the various predictions is a possi- 
bility (200, 100, and 300 respectively). Or the square of the differences (or 
cube) can also be used, thereby accentuating the larger "errors," and giving 
additional weight as the "error" grows. But regardless of how the differences 
are defined, by using Methods A or B we have a guide of "goodness of fit" of 
the projection. If the sum of the differences of the sophisticated method 
exceeds the sum of Methods A or B, or is even close to their sum, then the 
sophisticated method does not rate terribly well. Use of the naive models 
permits quantitative evaluation of the more sophisticated projection techniques 
for national as well as SMSA levels. 

Method C 

The first sophisticated method to be discussed can be termed the historical 
method. It assumes that the SMSA or region is significantly different, for pur- 
poses of the occupational projection, from the national economy or from other 
regions. If one grants this key assumption, then the SMSA or region is unique 
and must be studied by itself. This can be done in either matrix or non-matrix 
form, and several variations of the historical approach are possible. Each will 
be discussed in turn, although one should keep in mind the possibility of using 
more than one method. 

The first variant of the historical method is projection of past trends. 
Time series, at various levels of aggregation, are available for the SMSA or 
region, and these are analyzed and projected. Mathematical methods permit t!ie 
appearance of objectivity, although each method has its own assumptions, which 
the analyst accepts as applicable to the problem and data when he makes the 
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decision to employ that method. This is the most commonly applied method and 
examples of its use for employment projections in the Denver SMSA and Colorado 
in recent years include the work of Vaughan, Droste, Denver Research Institute, 
Denver Planning Office, and the matrix model, in reduced form, found in Appendix 
II by Franks and McCormick. In most cases the simple projections are then modi- 
fied by the author's judgments usually based on his knowledge of the development 
of the SMSA; interviews with knoxirledgeable businessmen, bankers, political 
leaders, academics, and statisticians; aational trends; local series and liter- 
ature; and particularly the latest "weltanschaung" of the business community. 
Different levels of sophistication lead to different variants on this histori- 
cal theme. 

In the Denver SMSA case, the broader regional context of the Rocky Mountain 
eight- state area is one logical starting point for tracing basic trends in his- 
torical development. Work by Garnsey and Arrington stress the dependence of the 
region on primary production resources, and government, including defense. 
Embracing only 4 percent of the population of the United States, the vast geo- 
graphical area comprising the Rocky Mountain region is unlikely to blossom into 
a market center, which is the primary requirement to attract manufacturing 
industry. Problems of semi-aridity over much of the region, and relatively 
expensive surface transportation, further compound economic development. At 
the same time, however, sparseness of population and physical surroundings of 
great beauty have become amenities of living that are ever more highly prized 
as the economy becomes more affluent. Given an extremely tight national labor 
market, the ability to attract good labor would be given increased weight in 
corporate location calculations. Such qualitative evaluations underlie the 
sophisticated variant of the historical method, as applied to the long-run. 

The Denver Research Institute's study. Economic Forces Behind Colorado' ^ GrowtlL 
1870-1970 . is an example of a modified version of this method applied at an 
industry level only. Using traditional time series data, projections are placed 
against a broad historical sweep, and modified by knowledgeable judgments. The 
occupational profiles would have to be applied to the industry projections to 
arrive at long-term occupational projections. The I-O counterpart of this 
approach would involve classifying the sectors into the historically significant 
categories. Using the 1958 I-O study this would mean taking industries 1-10 
(the primary industries) plus industry 13 (Ordnance) plus industries 78 and 84 
(lederal Government enterprises and industry). It would be desirable to separate 
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from several other industries those portions that particularly apply to Colo- 
rado and the Denver SMSA (industries 60, 74, 72 and 81), but this is impractical. 
Given several I-O tables for broadly spaced time periods that are consistent 
and comparable, long-term projections, such as suggested by Leontief and Ghen- 
ery for developing nations, would be possible. Each region of the United States 
might have a different developmental pattern for different economic periods and 
a historical 1-0 pattern would emerge. If this were coupled with occupational 
profiles and the projection discussed in section 2 of this report, then long- 
run occupational projections would result. Qualitative historical judgments 
are easily translatable into I-O and occupational matrix form. In the case of 
Colorado and the Denver SMSA these would largely involve judgments regarding 
the future of the thirteen industries enumerated above. The I-O tables permit 
immediate access to the indirect effects of these judgments that might otherwise 
be difficult to evaluate. The Denver Research Institute's study, thorough as 
it is 9 does not take explicit account of these indirect effects because no I-O 
material is available at this sub-regional level. Instead, the indirect effects 
are implicit in their projections of other related industries and in their 
application of population ratios in many industries. A formal I-O approach, 
assuming data and projections were available, would offer a definite step for- 
ward from the traditional application of the long-run historical approach. 

A second variation of the historical approach is more attuned to the short- 
run projections and covers all studies mentioned above. Droste does a simple 
least squares fit to data going back to 1939. The NPA study starts with 1947 
data. Vaughan concentrates on the census years 1950 and 1960. And even the 
Denver Research Institute's study, which stresses data going back to the 1860 *s, 
places major emphasis on very recent material. The DRI report, published in 
February 1963, is a good example of how difficult and treacherous projections 
can be, particularly in sub-regions and for specific industries or occupations. 
The Denver SMSA's very rapid growth from 1959 to 1963 can be traced to one 
major factor, the rise of Ordnance manufacturing. DRi's summary of the outlook 
for this industry, undoubtedly reflecting industry spokesmen at the time of the 
report, is as follows: 

Ordnance and Accessories . This industry was practically non-existent 
in Colorado in 1950 and employed 16,800 persons in April, 1962. The near 
future market for defense and aerospace products appears to be assured. 
However, Colorado's participation in these activities is substantially 
keyed to whatever success the llartin-Harietta Corp. may have in attracting 
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new contracts following the present Titan I, II and III projects. Growth 
of the present Martin operation in Colorado may be limited by Martin- 
Marietta plant capacity elsewhere, company policy on Colorado employment 
levels, and by physical limitations on the size of objects or space venicle 
airframes which can be complefely fabricated in Martin's Littleton plant 
and transported to prospective launching sites. After considering all 
these factors it appears that Martin employment in Colorado will remain 
at present levels (about 13,500) through 1965, but range from 10,000 to 
20,000 by 1970.^' 

By 1965 the Martin employment x^as half that estimated and the picture for 1970 
is not too favorable. But so much of the Martin employment depended upon the 
performance of alternative vehicles, as well as the factors cited in the report, 
and these were largely unpredictable. An occupational projection based on the 
DRI report for the Denver SMSA would have been heavily weighted toward skilled 
craftsmen, professionals, and engineers. Actually the Vaughan projections, 
based on the 1960 census, lean in this direction. Occupation projections for 
a relatively small sub-region are open to exceptionally wide variation. A 
single plant or industry can often, in the short run, make the difference be- 
tween a projection being "realized," and a projection being very wide of the 
mark. It appears that the overall projections for the Denver SMSA by most of 
these studies (all running between 470,000 and 500,000 gainfully employed for 
1970) might well be realized. The unexpected rapid growth of the national 
economy and several favorable local factors make the 1970 estimates well within 
realistic attainment. Most of the estimates were made at a time when Denver's 
employment was already 430,000. An earlier DRI projection made for the Water 
Commissioners in 1958 was more conservative because it preceded the Martin ex- 
pansion. The earlier estimates ran from 450,000 to 460,000. However, it must 
be kept in mind that the most commonly used projection of 480,000 is a conser- 
vative figure, particularly when viewed against the 1950 to 1960 expansion. 

From 1950 to 1960 about 120,000 new jobs were added to the Denver for a 

percent increase of slightly more than 50%. The 480,000 projection for 1970 
adds only 130,000 new jobs for a percent increase of about 37%. The actual 
"realized" figure for 1970 will lie between 430,000 and 500,000, but there is 
little help given by the short-run historical approach in the attempt to narrow 
the estimate. This method warns us how imprecise are sub-regional occupational 

projections. 



•iiA)enver Research Institute Report, p. 116. 
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The matrix equivalent of the short-run historical ctfethod is shown by the 
reduced Franks-McCormick model. They calculated matrl/’es for the census data 
of 1930, 1940, 1950, and 1960. Linear and non-linear "best fit" relationships 
can be calculated for a single cell in the matrices using two or more census 
years. Similarly, groups of occupations or groups of industries can be summed, 
and similar relationships established. These projections do not involve a com- 
plete system, but omit projections for demand, production functions, and occu- 
pational profiles. They simply extend into the future a "best fit" relationship 
from the past. Although when presented in matrix terms, the short-run historical 
method appears stark and arbitrary, in actuality it is the same method used by 
Vaughan, Droste, DRI, and by most other "projectionists." When seen in matrix 
form, it is bereft of verbal trappings and the assumptions come through clearly. 
There is much to be said for any method that makes its assumptions clear and 
obvious. Review of the loort-run projections highlights the arbitrariness 
of SMSA projections in which final demand shifts can result in employment 
increases (between 1963 and 1970) from zero percent to fifty percent. Each of 
these projections depend upon the amount of assumed "outside" purchasing power 
brought into Denver and Colorado in the form of new jobs, based upon "exports" 
or the servicing of individuals whose incomes are derived from outside the SHSA 
and state. Since there is little stress placed on these "outside" sources of 
jobs and income in the short-run projection technique, this particular method 
is not helpful in effective demand projections, and thus in occupational projec- 
tions for an SMSA where final demand is volatile. 

Method D 

Method D is called the "ideal type" approach. Assume that all industries 
can be grouped into three or more meaningful categories. If the classification 
follows the traditional primary (P), secondary (S), and tertiary (T) , then 
logically there are seven ideal types possible. The first would be categorized 
by a preponderance of primary, which was true of Colorado in the mining era. 

The second woulr^ be categorized by a preponderance of secondary, or manufactur- 
ing. The third a preponderance of tertiary or service industries. The fourth 
would emphasize both P and S. The fifth, S and T. The sixth, P and T. And 
the seventh ideal type would have a "balance" of all three activities. At 
present the Denver SMSA fits in the sixth type where primary and tertiary 
activities are relatively more important than the secondary. The evidence of 
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primary activity is indiracty with the ?^srvicing of agciculture and mining by 
Denver industries. The seventh type, it will be recognized, is the one where 
the SMSA mirrors the national economy and thus where the national projections 
can be proportionately reduced and applied to the SMSAo 

The matrix version of this method is greatly simplified by the industry 
organization of the 1958 I-O study. Relatively few industries appear to be 
"hybrids." The following tabulation is a first approximation to the three 
industry categories: 

Hybrid 

(raquiring 

further 

Primary Secondary Tertiary breakdown) 

Industry number I-IO, 14 13, 15-64 65~84, 86 11, 12, 85 

The classification, which follows the traditional breakdown, gives some credence 
to the gross primary, secondary, and tertiary categories. Whether such a break- 
down is helpful to occupational analysis is the question for this study. Although 
the triad analysis might aid in final demand analysis for an SMSA and a sub-region, 
it is doubtful whether occupational groupings would fall more readily into the 
three classifications than in some other type of grouping. It is true that cer- 
tain types of business organization are associated with the tertiary industries 
(small business, individuals, and governments), but the occupational require- 
ments for these same industries are quite disparate. It would include auto 
mechanics, laundry workers, laboratory scientists, lodging place cleaning per- 
sonnel, teachers, television technicians and stars, doctors, office supply clerks, 
railroad switchmen, telephone linemen, postal executives and clerks, bankers, 
and insurance salesmen. It would appear that an occupational breakdown, of the 
kind discussed in Method F, would be more suitable for job projections, than 
such a grouping of industries. Even if this is true, however, the importance 
of the industry analysis for final demand projections remains. And for a sub- 
region such as the Denver SMSA, the overriding consideration might well be demand. 

A variant of Method D that emphasizes demand is the Harms or industry base 
approach. Industries in a given locality are grouped by "analytical industrial 
category" which provides a framework for arriving at an industry’s export earn- 
ings capacity. Core industries are traced through an I-O matrix for direct and 
indirect effects. Service industries related to the number and kind of people 
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are then added to the core. Finally, all other industries are added. For 
example, livestock is a core industry for Colorado. A certain number of other 
industries depend upon the livestock industry, such as the veterinarians, food 
and kindred products, drugs, and even, to some extent, the telephone industry 
(included in 66, communications, except radio and TV). But the individuals 
and their families that are directly and indirectly dependent upon the livestock 
industry purchase, as consumers and taxpayers, many final products. The final 
products purchased by these consumers, as well as the final products purchased 
by them as part of the livestock industry (direct and indirect) also give rise 
to many intermediate activities, such as office supplies, wholesale and retail 
trade, trucks, and farm machinery and equipment. This description of the inter- 
dependencies is done in this great detail in order to emphasize that the I-O 
version of the regional base study (or the Harms study) provides an excellent 
framework for analysis. The Harms approach, among others, uses an export 
quotient, or locational quotient, to estimate employment associated with the 
export of goods and services from an area. If possible, an SMSA I-O table with 
a reasonable and clear "export" sector is likely to be far more reliable because 
it will be derived from the business records of shipments outside the sub-region 
or SMSA. Similarly, the indirect effects traced through a Harms type industry 
pyramid cannot be as comprehensive as an I-O table similar to the 1958 study. 
Unfortunately, such I-O tables for sub-regions are very scarce. The Harms 
approach yields a working substitute that does approximate the matrix approach, 
ijf course, both the I-O and the Harms approaches still only yield industry 
estimates. Occupational profiles remain to be superimposed on these industry 
projections to yield the occupational projections that we need. 

A final industry grouping to be considered is the classification used by 

the 1958 I-O study and applied by the N.P.A. The industries, and the related 

SIC codes, are given in the Survey of Current Business (November 1964), p. 17. 

They consist of the following nine major categories: 

Agriculture, forestry £e fisheries 

Mining 

Construction 

l^nufacturiug 

Transportation, communication, electric, gas & sanitary servaces 

Wholesale £e retail trade 

Finance, insurance & real estate 

Services 

Government 
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If it can be shown that this classification of industries is helpful in project- 
ing occupational requirements, then a most useful task will have been accomplished 
because historical data for these categories is available by sub-region. Unfortu- 
nately, no such neat link between major industry groups and occupational groups 
has been established. A simple matrix with major occupation and major industry 
might prove useful as a good first approximation for SMSA analysis, particularly 
in view of the reliability of the total row and column data. 

Method E 

Ifethod D, broadly interpreted, grouped industries into a pattern which 
would permit a more meaningful approach to occupational projections. Method E 
would group occupetions into classifications with the expectation that these 
categories would make the occupational projections more manageable. The first 
grouping that comes to mind is the one that is widely used and for which there 
is a great deal of reliable data, the major occupational groups. 



Professional, technical and kindred ) 

Msnagers, officials and proprietors ) white collar 

Clerical and kindred workers ) 

Sales workers ) 

Craftsmen, foremen and kindred workers ) 

Operatives and kindred workers ) blue collar 

Laborers ) 

Private household workers ) service workers 

Service workers except private household ) 

Farmers and farm managers ) farmers and farm workers 

Farm laborers and foremen ) 

Analysis of this data permits broad and useful generalizations about the trend 
of these major categories, such as the rapid contraction of the farm categories 
and the rapid increase in the professiv..*:!, technical and kindred group and 
also in the service workers, except private household. A summary of these 
national trends, projected to 1975, is found in the Monthly l^or for 

April 1965, pp. 379-383. A similar summary of the major industrial groups 
appeared the month before. Similar generalizationr can be made at the SMSA 
level, and Table X provides the data for Denver, on a percentage basis. 
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TABLE X 

mjOR OCCUPATION GROUP OF EMPLOYED PERSONS, 1950 AND 1960 
mLE. DENVER SMSA, PERCENT OF TOTAL EMPLOYED 



♦ 


1950 




1960 




Professional, technical & kindred 


11.8% 




15.9% 




Managers, officials, proprietors 


14.0 




14.2 




Clerical and kindred 


8.4 




8.6 




Sales workers 


8.6 


42.8 


8.7 


47.4 


Craftsmen, foremen 


19.5 




19.8 




Operatives and kindred 


15.2 




15.8 




Laborers 


7.2 


41.9 


6„7 


42.3 


Private household workers 


.1 




.1 




Service workers 


7o5 


7.6 


6.9 


7.0 


Farmers and farm managers 


2.6 




1.2 




Farm laborers 


1.7 


4.3 


.9 


2.1 


Occupation not reported 




1.3 




1.3 



Source : U. S, Census of Population 1950 and 1960 , General Social and Economic 
Characteristics, PC (I)-IC, adapted to make "occupation not reported" uniform 
for both years. 



The relative trends for Denver were not as clearly defined as th^ were 
for the United States. The rapid Increase in the professional and technical 
category was inflated to some degree by the Martin employment. Every 2,300 
workers constituted one percent in 1960. Thus the Martin increase by 1960 of 
about 10,000, heavily weighted as it was with professional and technical, must 
have accounted for a good deal of the increase. The net shift between censuses 
then becomes the decrease in the farm categories offset by the increase in pro- 
fessional and technical — perhaps a shift of about two percent of the employed 
male labor force. From 1950 to 1960 there was an increase of about 71,000 male 
employees in the Denver SMSA, but the shifts that occurred from one major occu- 

A 

pat ion group to another were not great. 

These kinds of statements are useful, but do not provide educational auth- 
orities with the guides they need for short and long-run planning. Vocational 
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and technical education can, broadly speaking, be divided into white collar 
training and blue collar training. The white collar courses are oriented to 
teaching skills, without reference to the type of industry the student will 
eventually enter as a worker. The blue collar courses, in contrast, are usually 
oriented to the industry. The stenographer or IBM key punch operator is able 
to take any job that is available and the employer expects to train each new 
white collar worker to adapt to the special requirements of his industry and 
operation. The blue collar trainee, on the other hand, is often able to offer 
his services only to the iiiidustry in which he is trained, and sometimes only 
for a specific kind of job i/ithin that industry. In some ways this traditional 
inflexibility has made occupational projections and vocational training much 
easier and more reliable. Industry projections are all that are requiredo 
There are many indications that the industry approach is breaking down and 
additional flexibility and mobility is required. Basic skills in arithmetic, 
English, and general shop practices become more important as continuous change 
and re-training sets in. Can there be meaningful occupational groupings formed 
within the blue collar fields that vocational training will be useful to voca- 
tional training planning? Three levels of analysis are involved. First, 
there are the job openings toward which the training should be oriented. 

Second, there are the vocational courses that ha^e evolved to fulfill previous 
needs. Third, there is the supply of trainees with their backgrounds, previ- 
ous training and experience, and present attitudes and outlooks. As long as 
training is geared to an industry, advisory committees from industry and labor 
can transmit to vocational training leaders cn a regional and national basis 
their outlook of supply and demand conditions, and their advice on how to make 
the programs more useful and effective. As cross -industry mobility increases, 
either from necessity or from choice, specific skills may become more important 
and the blue collar field may become more similar to the white collar. Running 
the controls of an automated oxygen steel furnace may be more similar to run- 
ning the controls of an automiited bakery than it is to tending an open hearth 
furnace. Personnel and vocational studies are required to guide us here. 

Pure statistical research into occupational projections are not enough. If 
the personnel and vocational studies show that five or six main streams of 
vocational and technical training serve to prepare the student for most of the 
blue-collar occupations, then we should group these production jobs according 
to the five or six streams and project occupational needs by these major 
groups' skills. 
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Method F 

The final method of projecting occupational requirements for an SMSA is to 
relate the SMSA to the national economy. Every SMSA or sub-region has close 
ties with the overall economy. The rate of growth of the United States has a 
profound impact on all of the sub- regions, probably the most important impact 
of any single force. In addition, there is a great homogeneity in the develop- 
ment of the economy, despite regional differences, and the degree of ho**’ogeneity 
is growing all the time. The manner of living in even the most sparsely settled 
Rocky liountain state is more similar to the manner of living in California or 
New York than it is different. The role and kind of the automobile, telephone, 
television, schools, roads, hospitals, clothing, food, housing, appliances, 
reading material, etc. is remarkably uniform. This means that most of the 
occupations and services in Boise, Idaho, are quite similar to those in Los 
Angeles, California, and New York. The following table for the Denver SMSA, 
with manuf ac tur ing occupations omitted . underlines how similar is the occupa- 
tional profile, once the sole cause of the difference is removed (in this case 
the low percent of those employed occupied in manufacturing) . 

If an SMSA grows at a faster rate than the U. S. economy (in terms of 
employment), it must mean that either the more labor intensive industries are 
growing faster than the U. S. counterparts, or there is a shift in the SMSA 
away from less labor intensive industries toward more labor intensive industries. 
This approach is adapted from the N.FJ^. method and can be translated into 
matrix I-O form. One would group the 82 industry sectors by labor requirement 
intensivity. At least two I-O tables. In terms of labor requirements per dollar 
of industry output, would be needed for the sub-region and the U. S. For 
example, if we had the 1947 and 1958 I-O tables for Denver SMSA and for the 
U. S., v?e could interpret the changes in employment in this manner. If neither 
the industry mix (from a job intensivity point of view) changed nor the rate 
of growth of Denver’s industries as compared to U. S., then Denver's employment 
growth would equal the national employment growth. Any difference in rates of 
employment growth (either positive or negative) could then be broken down into 
the two components (different rates of growth of different industries, or changes 
in the industry mix). 

The first variant of Method F is a sophisticated version of the "ideal” 
projection method discussed in the second section. A far more straightforward 
variant would be to ascertain the relationship between the SMSA occupational 
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TABLE XI 

PERCENT OF THOSE GAINFULLY EMPLOYED IN DENVER SMSA AND 211 SMSA*s DISTRIBUTED 
BY IfiVJOR INDUSTRY FOR 1960 WITH MANUFACTURING EMPLOYMENT REMOVED 





Denver SMSA 


211 SMSA's 


Agriculture, forestry & fisheries 


2.4% 


2.2% 


Mining 


1.1 


• 6 


Construction 


8.6 


7.8 


Transportation, communications, utilities 


10.5 


10.7 


Wholesale and retail trade 


26.2 


26.5 


Finance, insurance, real estate 


7.2 


7.5 


Business and repair services 


3.7 


4.1 


Public administration 


9.1 


7.8 


Personal services 


7.4 


6.7 


Industry not reported 


4.8 


6.9 



Source: U. Ce. sus of Population 1960 . The totals do not add to 100% because 
not all industries were available on a comparable basis. The Denver SMSA adds 
to 81.0% and the 211 SMSA's total 80.8%, sufficiently close to permit comparison. 



matrix and the national matrix, and observe how these change over time. The 
rates of change can then be projected and the SMSA matrix estimated for a future 
time. In non-matrix form this can be approximated by use of proportionality 
relationships, similar to those used by Vaughan to check his other methods. A 
good starting table for the Denver SMSA in 1970 could be obtained by multiplying 
each non-manufacturing cell in the national matrix by .007. Each manufacturing 
related occupation and industry would be multiplied by .004. (These ratios are 
calculated from the assumptions that the Denver SMSA remains about .006 of the 
national, and that the percent of Denver’s employment in manufacturing remains 
about two-thirds of the U.S. This results in Denver’s non- manufacturing employ- 
ment being .007 of national and Denver’s manufacturing employment only .004 of 
national.) This would be modified further by increasing food processing occu- 
pations within manufacturing, and i^educing the others proport ’onately. Simi- 
larly, government occupations would be Increased slightly, and the remaining 
occupations reduced to emerge with the same sum. This calculation assumes that 
manufacturing in Denver will remain two-thirds of what it is nationally, and 
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that all non-manufacturing occupations will expand at the same rate their 
national counterparts expand. If these assumptions do not appear valid, others 
may be substituted that more accurately represent what the estimator believes 
the proper relationship between the national economy and the Denver StlSA. 

Each of the sophisticated methods for projecting will result in good esti- 
mations. Actually they will all agree on the estimations, if the assumptions 
are made consistent with one another, because they really are analyzing the 
same bundle of experience from four different points of view. Estimation;* of 
occupations based on Industry analysis should agree with those that are based 
on occupational analysis, and both should agree with the relationship of the 
Denver SMSA to the national economy. Finally, all three projections should be 
consistent with the historical development of the Denver SMSA. The difficult 
question that now presents itself is how to choose the best method, given the 
data and given the present state of development of national occupational pro- 
jections. 



CONCLUSIONS 



Method E (analysis by occupation) and Method D (analysis by industry) hold 
the most promise for occupational guides both for the short-run and long-run. 

The criteria established in the projection section (naive model B) favors 
Method E because the data against which the estimates would be measured would 
be the same as that used in Method E. Method E is the "rows only" approach, 
where the occupations are grouped and re-grouped, depending upon available 
data, depending upon the proposed structuring of vocational training (particu- 
larly in the blue collar occupations), and depending upon the degree of success 
of the projections (which in turn depends upon the homogeneity of the occupa- 
tional categories established). 

Method E could be started immediately, for as many sub-regions as desired. 
Cccupational data from licensing agencies are readily available, and can be 
supplemented from other state agencies. Civil Service Commission, and other 
sources. It is even possible that some major employers in an SMSA would coop- 
erate and make available their own work force figures broken down by major job 
description categories. For the Denver SMSA it was found that the licensing 
agencies were most cooperative, during a preliminary exploration of this method, 
as were those professional associations approached. As the data rjas compiled, 
it could be assembled both in traditional and matrix form. However, since it 
would best be done on as wide a scale as possible, it is important that uniform 
occupational definitions be established early. 

The occupational definitions would undoubtedly follow from those presently 
in use, but the present Interest in job projections presents an opportunity to 
re-examine the occupational categories with an eye toward making major revi- 
sions. These revisions might be of two types. First, usefulness of the cate- 
gories in vocational training and guidance should be carefully explored. Second, 
an up-dating of the major occupational categories appears overdue. At present 
the major categories give insufficient detail to be useful, but the PES and ERG 
studies showed that even present detail is not supportable by the data. A 
careful SMSA and sub-regional occupational breakdown might provide reliable 
detail with which several new major occupational groupings could be experi- 
mented. 



An important extra benefit that would follow from application of Method E 
would be the derivation of bench mark data against which Census and M.Sl.L.F. 
could be compared. These would complement the household data. At the same 
time, the move toward uniform definitions and the experience with gathering the 
information from employer sources would provide excellent guides to the problems 
and procedures attendant on widespread employer occupational reporting. 

Method D, the columns only approach, logically and practically is coupled 
with Itethod E. As data are gathered for a specific occupation in Method E, 
th^ could also be analyzed by industry. Some occupations are restricted to a 
single industry (railroad switchmen, telephone linemen, college professors) and 
thus collecting occupational data automatically means collecting industry data. 
In addition, if employers cooperate with the data collection under Method E, 
the information would automatically be reported by industry. Vaughan in his 
study'’ of the Denver SMSA listed all major employers in the area by SIC industry. 
If the perspective is to link together the SMSA information in a manner consist- 
ent with the I-O national table, then the industry categories at the local level 
would have to be adjusted to the 82 sectors established by Commerce. Method D, 
as is true for Method E, would provide bench mark data for Census and 
and would be exceptionally useful to vocational training programs, as long as 

f 

these programs retain their industry orientation. However, the data gathering 
problem would be more difficult than for Method E, unless widespread employer 
cooperation were found. 

Methods C (historical) and F (national), important as they are, tend to be 
less immediately applicable than do the other two methods. This is true for 
several reasons. Data is the crucial problem in job projections. Methods E 
and D will contribute greatly to improvements in the data. Methods C and F 
will, if anything, serve to hamper these improvements because they tend to 
legitimize present data-gathering methods (by using existing data and endowing 
it with policy usefulness, x^hen the accuracy of the data does not justify such 
use). Methods C and F will continue in any case with such studies as those made 
by the N.P.A. and the DRI because these methods are essential for regional devel- 
opment analysis. Occupational projections will undoubtedly derive some benefit 
from such studies. However, comparison of the DRI and N.F.A. projections for 
Colorado with naive model 6 indicates that these methods should not be encouraged 
until further improvements in data and methodology are made. 



Actually, Methods C and F will benefit greatly from progress in Methods E 
and D. If Methods E and D were to go foriTaird, it would not be difficult to 
begin applying both the historical and national approaches, and they would pro- 
vide valuable supplemental support, particularly for long-run projections. 
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APPENDIX I-a 

METHODS AVAILABLE FOR MAKING EMPLOYMENT PROJECTIONS 

METHODS USED BY OTHERS 



Introduction 

Many attempts have been made to forecast or project employment either by 
industry, total employment or occupation. These attempts have been on a nation- 
wide, state-wide and local level. There are at least the following four types of 
methods of projecting employment;-^ (1) ask employers to predict their employ- 
ment, (2) extrapolate historical data, (3) relate estimates of total economic 
activity to individual industries, (4) analyze the characteristics of demand and 
develop projections through statistgical relationships of the factors having the 
greatest Influence on demand. Included in the latter method are most of the so- 
called historical studies. 

The studies surveyed as background for making the present study are described 
very briefly below and then described in further detail later in this report. 

Insofar as feasible, the authors* words have been followed closely to help 
assure accuracy and clarity in summarizing their thoughts. 

Brief Description 

The most common employer forecasts are short-run guesses as to future total 
employment and emplo 3 rment by industry. Examples are most of the forecasts spon- 
sored by the U. S. Bureau of Employment Security, the Employment Forecast Survey 
of the Canada Department of Labor, the Dun and Bradstreet survey of expectations,-' 
and the Fulmer study” ©f emerging technical occupations in the Georgia Textile 



— ^There is really some overlap among the different types. 

-^See Douglas G. Hartle, The Employment Forecast Survey , Toronto, University 
of Toronto Press (1962), pp. 4-8, for a more lengthy description of these surveys. 

- ^Research Design to Forecast Demand for New Types of Technicians ^ an 
Industry . Engineering Experiment Station, Georgia Institute of Technology, 

Atlanta (mimeographed) . 
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industry. Indiana employers have since 1949 been reporting bi-monthly to the 
Indiana Employment Security Division their estimates of their employment two months 
hence and four months hence Illinois employers have since 1946 been reporting 
bi-monthly to the Illinois Department of Labor their estimates of their employment 
two months hence and four months hence 

Most State Department of Employment Security Offices are engaged in research, 
some continuing and some occasional, of job opportunities, along five lines. Area 
Skill Surveys consist of occasional requests of employers to anticipate their needs 
by occupation three years hence and five years hence Job Vacancy Studies are 
an attempt to refine methods for determining current job vacancies.—^ Occupational 
Guides describe job content and such economic factors associated with the occupa- 
t5.on as advancement prospects, duties, etc.“ Occupational Index Surveys follow 
Area Skill Surveys and show a cross-tabulation of occupational employment and in- 
dustry employment in the local area.~^ Training Needs Surveys are in the nature 

of crash, current surveys to find immediate needs for trained workers in short 

1 10 / 
supply. 

Canadian employers have since 1946 been reporting to the Department of Labor 
of the Canadian government bi-monthly their estimate of employment three months 



-^•Jilliam H. Andrews and Gene S. Booker, Forecasts of Future Labor Require- 
ments by Indiana Employers . Indiana University, Bloomington (1958), p. 1. 

-^Robert Ferber, Employers * Forecasts of Manpower Requirements ; A Cas_e Study , 
University of Illinois, Urbana (1958), p. 9. 

- ^Labor Market Research Methods . U. S. Department of Labor, Bureau of 
Employment Security, Washington; U. S. Government Printing Office (1957). 

" ^Employment Security Research Exchange , U. S. Department of Labor, Bureau 
of Employment Security, Washington: U. S. Government Printing Office (November, 
1964), p. 8. 

" ^Ibid . . p. 7. 

-- ^Ibid . . p. 4. 



— ^ Ibid , . p. 7. 
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11 / 

hence and six months hence. — Dun and Bradstreet since 1947 have surveyed each 

quarter a sample of manufacturers, wholesalers, and retailers as to whether their 

12 / 

employment will remain the same, go up, or go d^wn during the coming quarter 

Fulmer, by interviewing employers in the textile industry in Georgia, 

attempted to find out what new occupations were emerging in the textile industry 

13/ 

as a result of technological change. — 

Four studies have been made of the employers' anticipations from the Bureau 

of Employment Security's surveys of employers' forecasts of future labor lequire-* 

ments. These studies were made by Ferber,~^ Andrews and Booker, Andrews 

17/ 

and the New York State Department of Labor. — All of the studies indicated that 

enq;>loyer forecasts were subject to substantial errors and were overly optimistic 
in predicting employment. 

An example of the extrapolation of historical, data is the analysis of Colorado 

18/ 

nonagricultural employment made by Broste. — The major purpose of his analysis 
was to project nonagricultural employment to 1970. 

The third method of projection usually involves relating estimates of partial 
or total economic activity to individual industries and then to individual 



“^^Hartle, op. cit. , p. 4. 

— ^Ibid . . p. 6. 

13/ 

“ Research Design to Forecast Demand for New Types of Technicians in an 
Industry , op . cit . 

“^Ferber, op. cit . 

15/ 

— Andrews and Booker, pp. cit . 

16/ 

“'William H. Andrews, Forecasts of Future Labor Requirements by Indiana 
Employers ; Second Report . Indiana University, Bloomington (1959). 

'^^Floyd Albert, Claude Hillinger, and Samuel Baron, Forecasts of Change 
in Employment Requirements : Four New York Labor Mhrket Areas . New York State 
Department of Labor, Division of Employment, New York (1951). 

18/ 

— ^Leo A. Droste, A Least Squares Analysis of Colorado Nonfarm Employment, 
Bureau of Business Research, University of Colorado, Boulder (1964). 
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19/ 

occupations. Examples of this method are the San Francisco study,— the Ohio 

20/ projections of the National Planning Association,— and the Vaughan 

.. .1 22 / 
study.— 

Two studies of employment projections have been made following generally the 

23 / 

method suggested by the Bureau of Employment Security. The California Depart- 
ment of Employment projected the occupational needs of the San Francisco -Oakland 
Bay Area to 1962 and 1965, using a ratio technique.—^ Conducted by the California 
Department of Employment, and starting from population, it projected the labor 
force participation rate, assumed an unemployment rate, forecast employment by 
industry from Department of Employment data, constructed a 1960 matrix of occupa- 



tions, and applied this occupational mix in 1962 and 1965 to the forecasted in- 
dustry employment. The Ohio study’s procedure was similar except that for its 
occupational projection, per cent distributions of Ohio employment and the occupa- 
tions in the various industry divisions for 1960 and 1970 were obtained by multi- 
plying the 1950 Ohio per cent distributions by the projected percentage changes 
based on the occupational industry matrix for the United States. 



— ^Manpower Resources of the San Francisco * Oakland Bay Area, State of 
California, Department of Employment, San Francisco (1963). 

— ^Manpower in Ohio . Ohio Bureau of Unemployment Compensation, Division of 
Research and Statistics, Columbus (1963). 

—^National Planning Association, Center for Economic Projections, Nation|\ 
Economic Projection Series ; American lndustr_y in 1926 and 1985, Washi^ton (1964) | 
and Regional Economic Projection Series; State Employment Trends to, 1 , ° , 7 ^» 
Washington (1962). 

—^Robert D. Vaughan, Jobs and the Future . Mountain States Telephone Company, 
Denver (1962), mimeographed. 

— ^For these suggestions, see Sources of Data for Manpower Projections, 

U. S. Department of Labor, Bureau of Employment Security, Washington; U. S. 
Government Printing Office (1961). 

—^ Manpower Resources of the San Francisco - Oakland Bay Area, cit. 

25 / 

—^' Manpower in Ohio , op . cit . 
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The National Hanning Association has projected the national population, 

labor force, employment, income, output, and productivity, and then has projected 

26/ 

the state and regional components of these parameters. 

Vaughan projected employment by industry and by occupation for the Denver 

^ 7 / 

Standard Metropolitan Statistical Area to 1S70'~ by assuming U. S. trends, 
evaluating Colorado trends in terms of U. S. growth, and evaluating Denver in 
terms of Colorado growth. Starting with population, he projected labor partici- 
pation rates, assumed an unemployment rate, projected a 1950-1960 industry employ- 
ment trend, and applied the 1960 occupational mix to the 1970 industry employment 

projections. 

Several groups have approached the problem of projecting employment by 
analyzing the factors that influence the demand for labor and by developing sta- 
tistical relationships among the more important factors. 

The general approach of the United States Department of Labor has been to 
project the overall level of economic activity for the nation and to relate this 
level of activity to employment in each industry, followed by a detemination of 
the occupational requirements in each industry, the supply of workers, and train- 
ing requirements. It has employed two types of approaches in relating estimates 
of total economic activity to individual industries. The first approach projects 
employment for all industries and employment in individual industries is related 
to the total. The second type of approach projects total production for all in- 
dustries and production in individual industries is related to the total j then 
projected industry production for each industry is translated into estimates of 
employment for each industry. 



—^National Planning Association, op. cit . 

^^Robert D. Vaughan, op. cit. In order to report statistics for areas con- 
sisting of one county or more which ar^ relatively densely populated and consti- 
tute a socially and economically integrated metropolitan area, the Bureau of the 
Budget in the Executive Office of the President formulated a concept called 
"standard metropolitan statistical areao" A standard metropolitan statistical 
area is a county, or group of contiguous counties, which contains one city of at 
least 50,000 inhabitants, and the activities of the population of the area form 
an "integrated economic and social system." (See Bureau of the Budget publica- 
tion, Standard Metropolitan Statistical Areas, Washington: U. S. Government Print- 
ing Office (1961), or its 1963 revision.) The definition of an individual SMSA 
involves two considerations: (1) a city or cities of specified population, and 

(2) economic and social relationships X'.ith contiguous counties which are metro- 
politan in character. 
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The Economic Growth Studies^^ of the Inter-Agency Committee consist of pro- 
jecting the demand for and supply of labor by industry by using projections of 
population, labor participation rates, and total income and output of the economy 
and distributing this output among the various industries o 

The Department of Labor is constructing an industry-occupations! matrisr" of 
the 1960 census of population data, which may be applied to the economic growth 
studies to determine employment by occupation in each industry for 1970 and 1975. 
"These projections will reflect judgments based on trend data on the changing 
occupational distribution of each industry shown by the 1950 and 1960 censuses, 
trends in production and nonproduction worker employment, the changing proportion 
of employment in broad occupational groups, and information on changing occupa- 
tional patterns in specific sectors of the economy from a variety of statistical 
.,30/ 

sources , — 

The Occupational Outlook Handbool^' provides current information on 700 
kinds of jobs. Its forecasts are judgmental, based on interviews with persons in 
industry and data supplied by the research programs of BLS. The forecasts are 

stated in the handbook in a general manner. 

Flanders and Fultoi^^ of the Bureau of Labor Statistics have conducted a 
Study on the employment outlook and changing occupational structure in electronics 
manufacturing by finding electronic shipment estimates for 1958-1961 and 1970, 
developing shipments -per-employee estimates and projections, and dividing electron 
ic shipment estimates by shipments-per-employee to get employment totals. 



~^Por a description, see Manpower Research and_ Training . U. S. Department 
of Labor, Washington; U. S. Government Printing Office (1965), pp. 90-91. 

~^Seymour L. Wolfbein, "Manpower Projections and Techniques," Human Resources 
(Vol. XI), United States Papers Prepared for the United Nations Conference on the 
Application of Science and Technology for the Benefit of the Less Developed Areas, 
Washington: U. S. Government Printing Office, p. 25. 

~^Estimates of Em ployment Requirements ^ Occupation for 197 0, U. S. Depart- 
ment of Labor, Bureau of Labor Statistics, Washington (research in progress). 

^ ^Occupational Outlook Handbook . U. S. Department of Ubor, Bureau 
Bureau of Labor Statistics, Washington: U. S. Government Printing Office (1963- 

1964 edition). 

^^Emoloyment Outlook and Changing Occupational Structure in Electronj.^ 

Manuf actur ing . U. S. Department of Labor, Bureau of Labor Statistics, Washington: 

U. S. Government Printing Office. 
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Another BLS study, by Michael and others,—^ projected the demand for scien- 
tific and technical personnel to 1970 by analyzing the factors affecting demand 
for personnel in each occupation and developing their projections through sta- 
tistical relationships of the factors found to have the greatest influence on 
these requirements. 

Sugg's method—^ involves five steps: (1) A rough first approximation of 

the future employment structure by economic activity is derived, (2) A detailed 
analysis of each important economic activity, arriving at an estimate of future 
employment, is made, (3) The first approximations of future engdoyment are 
modified in accordance with the results of the detailed analysis of each import- 
ant activity, (4) An occupational breakdown of employment in each economic 
activity in the future period is derived. (5) The training requirements far 

each important occupation are estimated. 

Harms is conducting a study^^ which is an attempt to project employment by 

industry and by occupation to 1970, 1975, and 1980, for Silver Bow County, 
Montana, His procedure is to analyze historical data for trends, project the 
basic trends, and then engage in a further analysis in order to gain an under- 
standing of the forces which produced the trends, thereby obtaining a judgment 
about the likelihood of the persistence of those trends. Key industries are 
identified by use of location quotients, and weights are given to each of eleven 
industry groups to produce modification of trends of employment. Occupational- 
employment projections will be made by projecting trends of employment by occu- 
pation by industry, and qualifying the projections by an analysis of the factors 
affecting the employment by industry. 



^^The Long-Range Demand for Scientific and Technical Personnel, U. S. 
Department of Labor, Bureau of Labor Statistics, Washington; U. S. Government 
Printing Office. 

^^^The For ecasting of Manpower Reouirements , U. S. Department of Labor, 
Bureau ofTabor Statistics, Washington; U. S. Government Printing Office (1963). 



3S/ jiq DevoXop A Model or Models for Proiecting Employment by Industry a^nd by 
Occupation for C ounties . Labor Market Areas, or SMSA* s Together Witji Appropriat e ^ 
Data . Philadelphia, Temple University, Office of Automation and Manpower Research, 
Office of Manpower, Automation and Training (in process). 
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The t^ost important historical studies which are helpful in making occupational 

36/ 

projections for the Denver economy are the studies by Arrington ,** the Denver 
Research Institute and the Governor of Colorado's Tax Study Group. 

Arrington examined statistical data in the decennial census reports, deter- 
mined location quotients, and described the economic development of the Mountain 
West in an attempt to gain some insight into the direction in which the economy 
was going. 

The Governor's Tax Study Group described the expansion paths of Colorado, 
calculated indexes of Colorado industrial specialization, and made qualitative 
predictions of employment by broad industry group. 

The study of Colorado by the Denver Research Institute is primarily histori- 
cal, but an attempt was made to build up to total employment by making individual 
industry projections of employment to 1970. The projections were made on the 
basis of projected output, opinions of experts in each Industry, and by utilizing 

trend ratios of output between Colorado and the nation. 

39/ 

The Public Service Company of Colorado, — predicted the paths of development 
in Colorado, based upon the Denver Research Institute study. 



•^^Leonard J. Arrington, ]Qie Changing Structure of ghig, Mountain West. 
1850-1950 . Logan: Utah State University Press (1963). 

James F. I4ahar, Dean C. Coddington and John S, Gilmore, Economic Forces 
Behind Colorado's Growth . 1870-1962 . with Pro lections to 1970 . Prepared for 
Colorado State Department of Employment Resources and Connunity Develoinnent 
Division: Denver (February, 1963) » 

^ ^Financing Government in Colorado . Report of the Governor's Tax Study 
Group, State of Colorado: Denver (1959). 

Analvfllfl of Colorado's Economy With Projections to 1970 . Public Service 
Company of Colorado, The Area Development Department, Denver. 
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DESCRIPTION IN DETAIL 



Employer Forecasts 

The most common employer forecasts are short **run guesses as to total employ* 
ment and employment by industry. Examples are the estimates of future employment 
made by employers in Indiana and Illinois and the Employment Forecast Survey of 
the Canadian Department of Labour. Andrev/s and Booker in 1953 evaluated the 
accuracy of the bi-monthly employment forecasts of 1,000 Indiana employers; and 
Andrews made a further analysis in 1949. Ferber made the same sort of analysis 
of the forecasts of Indiana employers. Hartle investigated the Employment Fore- 
cast Survey of the Canadian Department of Labour. 



Andrews and Booker^ ^ 

Andrews and Booker, in 1958, evaluated the accuracy of the bi-monthly em- 
ployment forecasts of more than 1,000 Indiana employers vdio had been reporting 
since 1959 to the Indiana Employment Security Division their estimates of future 
employment in their establishments. 

One hundred thirty sample firms were selected for their study. A basic work 
sheet was prepared on which were recorded employment data for one year ago, four 
months ago, two months ago, one month ago, current, two months hence, and four 
months hence. Estimated and actual changes in employment were compared according 
to the direction-of-change forecast and the relative-amount-of-change forecast. 
Fifty-eight per cent of the 130 firms forecast no change in the direction-of-change 
in the two-month estimates at least one-half of the time, and their accuracy was 
only one-third as great as those firms forecasting increases or decreases in em- 
ployment. Uhen the employment data were totaled by industry and area, the 
accuracy of estimates on direction-of-change was noticeably improved. The large 
firms forecasted less accurately the direction-of-change than the small firms. 
Whether the performance on direction-of-change can be evaluated as satisfactory 
or not, however, depends on the standards adopted. For the whole sample of 130 
firms, uniform projections of current level would have done almost as well as the 
forecasts mde. Only 11 of the 130 firms forecasted with outstanding accuracy. 



40/ 

— Andrews and Booker, op. cit . 






Andrews and ISooker tentatively concluded that only about one"fourth of the firms 
were making an actual effort to forecast and were estimating employment changes 
better than could be done by a straight projection of current employment. 

The 4-nionth estimate data were distinctly inferior to 2-month estimates X7hen 
measured by mean and median percentage error. Therefore, to investigate further, 
54 of the original establishments were selected for visitation. 

Functionally, it was found that the positions held by the persons actually 
preparing the forecasts could be classified as personnel (63%), accounting (22iO, 
production (6%), store or office manager, etc. (9%). The group classified as 
accountants forecasted the most accurately. The forecaster's level of authority 
had little to do with the accuracy of the forecasts. Having access to current 
information did not appear to make the forecasts any more accurate. Reasons given 
for error included being a branch plant, subject to changes from the central 
office, being a jobber with unstable orders, general market instability, labor 
disputes, and cancellation of contracts. In the interview sample of 54 firms, 
only eight showed up fairly well on the direction-of-change and were comparatively 
low on the number of no-change estimates. The main reason given for the success 
of these eight firms was that the forecasters had fairly complete information and 
were taking the forecasts seriously. Also, good relations seemed to exist between 
local office personnel and employer representatives. 



41/ 

Andrews — 

Andrews, in a further analysis of the estimates of future labor requirements 
by Indiana employers, suggested that, for the individual firm data, the direction- 



of-change aspects of the estimates may be more important than was concluded from 
the first report , especially if the individual firm data can be summarized effec- 
tively in diffusion indexes; and that the 4-mcath estimates may be more reliable 
and potentially valuable than they at first were thought to be. With respect to 
the various employment totals, the direction-of-change estimates were raised to an 
average of 50% for both the 2 and 4-month periods, as compared to around 40% for 
the individual firm estimates. He concluded that the estimates achieved somewhat 



better results than straight projection of current employment. 






~^Andrews, 0 £. cit . 
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In observing the employment totals for five selected geographical areas, 
there was further indication that the employer forecasts were doing better than a 
straight projection of the current employment level. The forecasters predicted 
upturns more often than downturns; and underestimated employment on the upturns 
and overestimated employment on the downturns. 

A diffusion index was used, showing the per cent of estimates which were 
higher than current actual employment. The accuracy of the diffusion indexes on 
direction-of'change was approximately the same magnitude as the average accuracy 
on direction-of ‘■change observed for the individual firm estimates that involved 
some change. 

Andrews concluded that some firms are forecasting better than others, either 
because of greater effort or greater skill on the part of the forecasters, or be- 
cause certain char^ucteristics of the firm and industry make it more favorable for 
forecasting, the notable characteristic being the normal degree of employment 
stability present. He suggested that the estimates would be more reliable and 
more useful if employers would indicate changes where changes might possibly occur 
rather than projecting current employment. 



r. u ^2/ 

Ferber ~" 

Ferber attempted to secure data on expectations of the business community and 
to examine how this information could be used in economic analyst's and forecasting. 
He wanted to see how individual lirms in the bi-monthly report of Illinois employ- 
ers to the Illinois Department of Labor made their forecasts of their labor force 
two months in advance and four months in advance and how the accuracies of the 
different methods compared with each other. He further wanted to find to what 
extent the anticipations of individual firms, and the structure of these anticipa- 
tions, were related to those of the industry as a whole. 

In the reports to the Illinois Department of Labor, cooperation of all busi- 
ness firms in the Chicago area with 65 or more workers was requested. This sample 
accounted for about 80% of all manufacturing emplo 3 anent in the area. 

Host of the analysis of Ferber* s study was carried out for 59 firms in 14 
industries in the Chicago -Calumet Labor ^Kirket Area. The accuracy of the antici- 
pations was largely independent of the manner in which the employers' anticipations 



M/ 



Ferber, 0 £. cit . 
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were prepared. On the average, the individual firms came within about 5% of 
actual employment on their 2-month estimates and 1% of actual employment on the 
4-month anticipations. Substantial variations in accuracy were evident by indus- 
try. The errors were much higher on the downswings than on the upswings. Errors 
tended to be lowest \dien conditions were relatively stable. The average error of 
the anticipations on an industry-wide basis was considerably less than the corre- 
sponding average of individual firms' errors. Industries with high average errors 
of individual firm anticipations also tend to have the highest errors of anticipa- 
tion on an industry-wide basis. There is some indication that differences in the 
errors of anticipations of individual firms are related to magnitude of employ- 
ment changes, the extent of cyclical variation in the industry, and the use of 
mechanical extrapolation of level. Only a small fraction of the firms was able 
to anticipate direction of changes in employment better than chance. 

Considering the structure of the anticipations, 70% of the firms use as their 
4-month projection the same anticipation reported for two months ahead. About 
half of the firms obtain their 2-raon .a anticipation by extrapolation of recent 

levels. 

The accuracy of the anticipations of many of the firms is quite high. The 

"optimism hypothesis" advanced in connection with the analysis of the railroad 

^3 f 

shippers' forecasts is supported. ~~ 

We might conclude from this study that we cannot necessarily depend on cor- 
porate officials for help, because personnel departments are optimistic in their 
anticipations because they want to justify their exist@ace. In this connection, 
two things must be noted: The turnover rate is from 2 to 7 per cent. Therefore, 

**new" employees are processed by personnel at this rate. The other thing which 
should be especially noted is the optimism hypothesis. The errors of anticipa- 
tions on an industry-wide basis is considerably less than the average for the 
Individual firms' errors. Ferber says this is because errors are cancelled out as 
one goes from firms to industry. Fishman^^ says that errors could become exag- 
gerated as one aggregates, because when the factors exist for things to go bad for 
one firm, they exist for things to go bad for the other firms, as a rule. 



~^ Ibid .. p. 26. 

^^Leslie Fishman, Professor of Economics, University of Colorado. 
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Kartle~ '^ 

Hdrtle investigated the Employment Forecast Survey of the Canadian Department 
of Labour. In the survey, a stable sample of approximately 800 establishments was 
selected. Each establishment was asked to report its actual employment on the 
three preceding months, and forecast the employment of the establishment three 
months in the future and six months in the future. The questionnaires were for- 
warded to the sample establishments four times each year. 

The actual emplo 3 mient and the forecast employment of the sample establish- 
ments drawn from each component of the industrial classification were aggregated 
separately for each component. The published Dominion Bureau of Statistics index 
for each component that applied to a preceding month was projected to the future 
target date by the ratio of the aggregate forecast employment of the sample estab- 
lishments at the target date to the aggregate actual employment of the same estab- 
lishments on the corresponding preceding month. The predictions for groups of 

industrial components were derived from the weighted ratios of the individual 
components . 

Hartle attempted to (1) assess the importance of the sampling problem as 
distinct from the forecast problem, (2) evaluate the accuracy of the respondents 



in forecasting the direction of nonseasonal employment changes, and (3) determine 
how adequate were the forecasts submitted by individual establishments as compared 
with the derivation of establishment predictions by alternative techniques. 

The general implications of his study were that (1) the industry predictions 
derived from the Employment Forecast Survey were unreliable, (2) most of the estab- 
lishments submitted forecasts with no predictive value, (3) there is probably no 
single explanation of these errors, and (4) information about employers* expecta- 
tions could be used as one variable in a larger model, whether formal or informal, 
from which employment predictions might be derived. 



46/ 

Albert. Hillineer. and Baron — 

The findings of the New York State Department of Labor study were consistent 
with the Andrews and Booker study. Like Andrews and Booker, the New York study 



45/ 



Hartle, op. cit . 



—^Albert, Hillinger, and Baron, pp. cit . 
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found that there was a correlation between employment stability and size of firm, 
and that "stability, not size, is the most important factor influencing error . . * 
There is no significant variation between firms of different sizes but of equal 
employment stability. The New York study indicated no correlation between the 
number of no-change forecasts submitted by the firm and the average forecast error 
of the firm. Clerks and technicians submitted the best 2-month forecasts. Company 
officials submitted batter 4-month forecasts. Forecasts originating in personnel 
departments did not do so well as forecasts from other departments. Forecasts 
submitted by mail were more accurate than those obtained by telephone. 

Job Opportunities Research of the State Employment Security Off ices 

"Occupational labor market research consists of analysis of demand-supply 
factors in a particular occupation or group of occupations.’*^^ The states have 
been engaged in job opportunities research in five categories: (1) Area Skill 

Surveys, (2) Job Vacancy Studies, (3) Occupational Guides, (4) Occupational Index 
Surveys, and (5) Training Needs. 

49/ 

Area Skill Surveys — 

One hundred twenty-six Area Skill Surveys, initiated in 1957 and completed by 
44 states by March 31, 1964, provide data collected mostly from employers, on 

(1) the occupational composition of current employment, by sex and by broad age 
intervals (for estimates of replacement needs arising from deaths and retirements), 

(2) employment requirements by occupation for future periods -- usually two and 
five years hence, (3) apprenticeship and other training programs and number of 
workers in training, (4) interest in the need for pre-employment or supplementary 
vocational training, and (5) the current demand-supply situation by occupation. 
According to Employment Security Research Exchange ,*~^ in areas of current and 
long-term anticipated skill shortages, the data in these surveys (1) indicate the 
occupations in which training is needed, (2) provide the basis for counseling 



— ^Ibid . . p. 11. 

— ^Labor Market Research Mtethods . op . cit., p. 1. 

~ ^lbid . . pp. 5-39. 

^^E mplovment Security Research Exchange, 0 £. cit . , p. 4. 
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applicants as to job opportunities, and (3) indicate sources of labor reserves for 
Specific recruitment. 

There are several possible criteria for selecting occupations to be studied. 
Consideration may be given to surplus and shortage occupations in the area. Sig- 
nificant occupations (in terms of their numerical importance in the area or in 
terms of those dominating the major industries) in the area which require more than 
casual on-the-job training may be selected. Future demand occupations determined 
from knowledge of expansion plans of existing industries and of the natuis of pro- 
posed plants may be chosen. There may be other occupations which may be small but 
are a particular problem or are of a particular interest in the area. The local 
demand for occupations in x^hich many applicants express a continuing interest could 
be verified in order to provide more realistic counseling and interviex^ing informa- 
tion. Occupations which are important to national defense and important entry 
occupations may also be selected. 

According to the instructions in the La]^ MArk^ Resea,^ Mjtho^, "Although 
all occupations in the entire nonagricultural labor force in the area may come 
within the scope of the study, in most areas (particularly the larger ones), empha- 
sis should normally be directed to occupations requiring considerable training 
time -- perhaps one year or more."~^ It further states that the follox^ing basic 

information needed for an Area Skill Survey should be obtained directly from 

- 52/ 

employers : — 

1. Total current employment in the establishment. 

2. Total employment requirements. 

3. Scheduled hours of x/ork per week for the majority of workers. 

4. For each occupation selected for the survey: 

a. Total current employment. 

b. Trainees currently on organized training programs. 

c. Current job vacancies for which workers are presently being 

recruited. 

d. Number of additional x^orkers which x^ill be required. 

e. Number of xrorkers expected to complete in-plant training 

programs. 



~ ^Labor Market Research Methods , 0 £. cit. , p. 5. 
~ ^Ibid . , p. 9. 
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5. llage data may be collected for all occupations for selected 

occupations. 

6. Information about the following subjects can prove useful: 

a. Plant expansion projects during the next 5 years. 

b. Expected shifts in industrial activity over the same period. 

c. Specific managerial, engineering, scientific, or technical 

occupations in which a higher or lower proportion of workers 
will be needed. 

d. Occupations for which the employer has experienced difficulty 

in hiring qualified workers during the past year and causes 
of such difficulties. 

e. Projected expansion of the employer’s in-plant training programs. 

f. Suggestions or recommendations as to the type of occupational 

training programs needed most in the area. 

The industries in which the selected occupations are usually found can be 

determined by consulting 19 30 U. S_. Census of Population . Occupation Industry 

53/ — ^ ^ 54/ 

Special Report^ and Volume II of the Dictionary of Occupational Titles ."—* 

The analysis of occupational requirements should be based on '*(1) data received 

from employers on the number of additional workers that will be needed because of 

contemplated expansion of industrial activities, (2) calculations of the number 

of workers that will be needed in each occupation to replace separations caused 

by deaths and retirements, (3) estimates of staffing needs for new industries 

expected to begin operations within the area if this information can be developed, 

and (4) total additional requirements which represent the sum of the above. 

The tabulation of the survey data will show the total occupational employment, 

requirements, and training data distributed by industry, and the total current 

employment and total future requirements, by industry. This shoulC provide data 

for a present, two-years-hence , and five -years -hence, occupational-industry matrix 

56/ 

of the local area. — 



S. Census of Population 1950 . Occupation Industry Special Report 
P-E, No.""l-c, U. S. Department of Commerce, Bureau of the Census, Washington: 

U. S. Government Printing Office. 

— ^Dictionary of Occupational Titles . (Vol. II), U. S. Department of Labor, 
Bureau of Employment Security, Washington: U. S. Government Printing Office (1949), 
pp. 507-739. 

— ^Labor Market Research Methods , op . cit. , p. 35. 

— ^Ibid .. pp. 20-24. 
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Total estimates of future demand for workers in the surveyed occupations can 
be obtained by adding the estimates or replacement needs to the estimated expansion 
needs indicated in the tabulations* The expansion needs are found in the two and 
five-year estimates of required employment. Replacement needs may be calculated 
by applying labor force separation rates to the estimates of employment by age 
group for each of the surveyed occupations. The procedure for estimating the num- 
ber of separations of male workers assumes no significant differences between death 
and retirement rates among workers in different occupations. Where retirement 
policies are significant in area employment patterns, they must be provided for by 
modification of the separation rates included in working“life-table death rates 
(i.e., separations from the population). Differences in the overall per cent sepa- 
rations between occupations will depend on differences in the age distributions 
within the specific occupations. Unless the analyst has good reason to believe 
that a particular occupation's deaths and retirements differ considerably from the 
national pattern, these rates should be adequate to measure the replacement needs 
for a specific occupation. 

Female labor force participation is generally characterized by a number of 
long-term separations and subsequent re-entries into the work force among all^age 
groups, the younger as well as the older. Therefore, the separation rates for 
women are different than for men and can be obtained from tables of working life 
for women.^^ Similar information can be obtained from tables of working life for 
women on estimated annual accession rates from total female population to the 
female labor force. 

To estimate the supply of trained manpower that will be available for the 
surveyed occupations by the end of a given period, it is necessary to estimate the 
number of entrants into these occupations during the period. The number of inplant 
trainees that are expected to complete training in two and five years, provides 
the base for this estimate. These figures must be supplemented, however, to in- 
clude additional entrants into these occupations from sources outside the inplant 
training programs. This measure can best be arrived at by obtaining from local 



^^For example. Tables of Working Life for Women, 1950 . U. S. Department of 
Labor, Bureau of Labor Statistics, Washington: U. S. Government Printing Office; 
or "Tables of Working Life for Women, 1950," Monthly Labor Review . (Vol. 79, Nos. 
6, 8, and 10) U. S. Department of Labor, Bureau of Labor Statistics, Washington: 
U. S. Government Printing Office (June, August, October, 1956). 
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school authorities. State and local apprenticeship councils, and trade unions, 
their count as to the number of persons expected to complete training for the rele- 
vant occupations by the end of the period. In addition, those persons currently 
unemployed in specific occupations should also be included. 

58/ 

An Example of an Area Skill Survey — 

An Area Skill Survey, named a job opportunity study, of the Denver Standard 
Metropolitan Area was undertaken during the summer of 1958. Not covered in the 
survey were: (1) self-employed persons, (2) unemployed workers, and (3) workers 

in establishments with less than four employees, who are not covered by the 
Colorado Unemployment Compensation Program.. The survey included establishments in 
agricultural services; manufacturing; construction; transportation, communications 
and utilities: wholesale and retail trade; finance, insurance and real estate; 
business services, personal services, medical and professional services; govern- 
ment; and mining. An IBM listing of these establishments was made up, ranked by 

number of employees, for each of the 300 industrial classifications under the 

59/ 

Standard Industrial Classification Manual. 



— ^Planning for Tomorrow , Colorado Department of Employment, Employment 
Service Division. Denver (1958). 

■^^The 1957 Standard Industrial Classification Manual (Bureau of the Budget) 
presented *’a revision of the 1945 edition of Manufacturing Industries and the 1949 
edition of Nonmanufacturing Industries.'* In the manual, "Where a single physical 
location encompasses two or more distinct and separate economic activities for 
which different industrial classification codes seem applicable, such activities 
should be treated as separate establishments and classified in separate industries, 
provided it is determined that; (1) such activities are not ordinarily associated 
with one another at common physical locations; (2) no one industry description in 
the Standard Industrial Classification includes such combined activities; (3) the 
employment in each such economic activity is significant; and (4) reports can fee 
prepared on the number of employees, their wages and salaries, and other estaolish- 
ment type data. 

"Each establishment is assigned an industry code on the basis of its major 
activity, which is determined by the product or group of products produced or 
handled, or services rendered. The structure of the Classification makes it possi- 
ble to classify establishments by industry on either a two digit, a three digit, or 
a four digit basis, according to the degree of detail in information which may be 
needed." 

There are ten industry divisions: Agriculture- fores try-and fisheries, min- 

ing, contract construction, manufacturing, transportation-communication-electric- 
gas-and sanitary services, wholesale and retail trade, f inance-insurance-and-real- 
estate, services, government, and nonclass if iable establishments. The division 
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It was estimated that 25,000 additional workers would be needed in two years 
(1^60), and 50,000 workers in five years (1963). It pointed out that the future 
manpower problem will vary among industries, tempered by such factors as the nature 
of the expansion program, diversified operations, the impact of automated and 
electronic developments and the establishment of new industries in this area com 
peting for the same type of skilled workers. In order to reveal occupational 
opportunities for beginning workers, the questionnaire was designed with two check 
columns in which the employer might indicate for each payroll job listed, (1) if 
it was an entry job and (2) if it was a shortage job. 

The report also showed sample analyses of the different industries. 

In connection with the area skill survey, an occupational index, or inventory, 
was tabulated and distributed.—^ This catalogue of occupations comprises 2,270 
different jobs existing in the 4-county metropolitan area disclosed in the area 
skill survey, and discloses the occupations of 247,632 workers (all of those 
covered by unemployment compensation). Incorporated in the inventory is a projec- 
tion, based on estimates by participating firms, of the increased numbers of work- 
ers that will be required in 1960 and 1963. 

61/ 

Job Vacancy Studies' — 

A program for collecting area job vacancy information is under consideration 
and pilot projects are be5.ng initiated. During the 6-month period ending March 31, 
1964, the Illinois Division of Placement and Unemployment Compensation completed a 



constitutes the first digit. In each division, there is at least one major group, 
referred to as a 2-digit industry. For example, in agriculture, forestry, and 
fisheries, there are commercial farms (01), noncommercial farms (02), agricultural 
services and hunting and trapping (07), forestry (08), and fisheries (09). In 
each major group, there may be one or more 3-digit industries. For example, in 
the major group of commercial farms, there are field crop farms (011); fruit, tree 
nut, and vegetable farms (012); livestock farms (013); general farms (014); and 
miscellaneous commercial farms (019). In each 3-digit industry, there may be one 
or more 4-digit industries. For example, in the 3-digit industry, field crop 
farms, there are cotton farms (0112), cash grain farms (0113), and field crop 
farms, not elsewhere classified (0119). 

•^ ^Occupat ional Inventory . Colorado Department of Emplo 3 mient, Employment 
Service Division, Denver (1959). 

~ ^Empl ovment gecuritv Research Exchange , cit . , p. 8. 
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pilot study which indicated the feasibility of collecting job vacancy information 
by occupation for the Chicago area. 

The job vacancy studies are to be a joint BES^BLS project, the results of 
which will be used to implement a full-scale job vacancy program in fiscal 1966 
for 150 labor areas if resources are made available. 

About one year ago, the National Industrial Conference Board began a study of 

62/ 

the feasibility of collecting job vacancy statistics. The following is a sum- 
mary of the first findings of this study \7hich took place in the Rochester, New 
York, area. Every branch of industry was covered with the exception of agriculture 
and private households. 

The National Industrial Conference Board found that there were nearly 8,000 
job vacancies in Monroe County on February 12, 1965. The vacancy rate varied con- 
siderably between industries, with higher rates in construction, auto dealers, 
service stations, and education. Professional, semiskilled and skilled occupations 
were most in demand. 

The survey also found that the occupation title is often inadequate in 
describing a job or job opening. More information is needed, such as the riinimum 
years of education and experience desrred by the employer. Many job vacancies 
were available to persons who had not graduated from high school, although one- 
fourth of all vacancies required at least four years of college. 

In comparison with the unfilled job openings in the files of the offices of 
the United States Employment Service, the NICB survey estimated a total number of 
vacancies almost five times the number in the State file. However, the per cent 
distributions by occupation group did not differ greatly (Table 1), 

Myers concluded that the experience of the NICB with these surveys has led 
them ”to the tentative conclusion that the collection of job vacancy statistics is 
a feasible operation when the information is obtained by interview and the ground 
work in the community has been carefully prepared." — 



~^"Can You Measure Job Vacancies ?" The Conference Board Record . National 
Industrial Conference Board, Inc.: New York (May, 1965), pp. 50-59. 

— ^Ibld.. p. 59. 
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TABLE 1 

COMPARISON OF NEW YORK STATE EMPLOYMENT SERVICE JOB OPENINGS 
WITH NICB SURVEY JOB OPENINGS, ROCHESTER SMSA 



Occupation group 

Professional, semiprofessional, 
and managerial xjorlcers 

Clerical and sales workers 

Service workers 

Skilled workers 

Semiskilled workers 

Unskilled xjorkers 

Total 



Source: The Conference Board Record 

1965), p. 57. 



N. Y. State 
Employment Service, 
job openings 



Number 


Per cent 
of total 


447 


27.8 


314 


19.5 


379 


23.5 


248 


15.4 


145 


9.0 


74 


4.6 


1,607 


100.0 



NICB Survey, 



estimated vacancies 



Number 


Per cent 
of total 


2,644 


33.1 


1,154 


14.4 


563 


7.0 


1,393 


17.4 


1,730 


21.6 


507 


6.3 


7,991 


100.0 



, National Industrial Conference Board (May, 



Occupational Guides 






An occupational guide contains basic information designed to give job-seekers 
and counselors a picture of the job content and economic factors associated with 



the occupation. It describes the duties of the employee, the educational and 
experience requirements, advancement prospects, wages, working conditions, employ- 
ment outlook, and other important facts associated with various occupations. The 
Minnesota Department of Employment Security has prepared a report as a result of a 



^ ^RmplQvment Security Research Exchange , op. cit. , p. 7. 
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study to determine methods and techniques that should be utilized^in the prepara- 
tion of vocational or guidance information on a local area level. 



66 / 

Occupational lndexes* ~ 

An Area Occupational Index is designed to show the full array of occupations 



within a given area, and employment by industry for each of the occupations. When 
all of the occupations in the area are surveyed, a comparison with the broad occu- 
pational groups reported in the decennial census may be desirable. Table 2 shows 
how the decennial census can be compared with the D0T"~ groupings. The arrows 
show the areas of comparability, A more detailed description of the comparison 
might be obtained on a loan basis from Mr. carl A. Heinz, Chief, Division of 
Technical Development, Bureau of Employment Security, U. So Department of Labor, 

Washington, D. C., 20210, 

68 / 

Trainine Needs Surveys — 

Training Needs Surveys are abbreviated skill surveys. They estimate supply 
and demand by occupation for shortage occupations over a 6-months 1-year, or 2- 
year period. Training needs surveys, in most instances, are prepared for internal 
use only and are not published or made available for general release. During the 
6-month period ending March 31, 1964, ten states completed training needs surveys. 



Fulmer" 

Fulmer was primarily interested :ln designing a method to forecast the demand 
for new technicians, by determining the dominant trends in technology for an in- 
dustry and establishing the relationship of technological problems to problem- 
solving through employment of specific technical skills. 



■^ ^Occupational Information Study . Minnesota Department of Employment 
Security: St. Paul. 

■^ ^ Labor Market Research Methods . op . cit . , pp. 40-44. See also Occupational 
Labor Market Index , Iowa Employment Security Commission: Des Moines. 

^ ^Dic t ionary of Occupational Titles, . 0£* 

•^ ^Emp 1 oyme n t Security Research Exchange . op. cit., p. 7. 

■^ ^Research Design to Forecast Demand for New Types of Technicians in an 
Industry , op . cit., p. 5. 
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The method of forecasting was done by personal interviews with top technical 
personnel and questionnaire survey to a larger representative sample of firms. 

A questionnaire was used in the Georgia Skill Study to detect and define the new 
technicians that were evolving in the textile industry in the state. 

Fulmer found through a field investigation of the problem that response 
rates from personal interviews were better than response rates from letters. In 
his sample of firms, he used 100 employees as a cut-off. He maintained that, for 
a textile industry no larger than 276 establishments, a 100% census of all estab- 
lishments of 100 or more employees was necessary, because there were so few new 
technical occupations in the industry. "Because of the high cost of such a sur- 
vey relative to the expected results, it was determined that this approach would 

70/ 

not be tested further. 



70/ 

— Manpower 
U. S. Government 



Research and Training, U. S. Department of Labor, Washington: 
Printing Office (1965), p. 86. 




73 



EXTRAPOLATION 



Droste — 

In his linear extrapolations of nonagricultural employment in Colorado to 
1970 by major industrial classifications, Droste used Bureau of Labor Statistics 
annual averages, as reported. His report presents "nonfarm" employment projec- 
tions by year to 1970, by major-group industry classificatien. His most general 
conclusion is that "Total nonfarm employment should continue to grow, reaching an 
estimated 643,000 jobs by 1970."^^ The report contains tables showing, from 
1939 to 1963, annvitl per cent change in Colorado and United States population, 
total personal income, per capita personal income, nonfarm employment, and the 
annual em ^loyment trend of total Colorado nonfarm employment and of the major in- 
dustrial categories. 



71/ 

-— Leo A. Droste, op, cit . 
~^Ibid, , p, 8. 
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COMPONENTS AND RATIOS 



73/ 

San Francisco Study — 

The California Department of Employment projected the occupational needs of 
the San Francisco-Oakland Bay Area fo 1962 and 1965. Total population for the 
SMSA projected to the target dates by the California Department of Finance was 
used as the base for this study. Labor force participation rates, based on the 
1960 Census of Population, were projected and adjusted in line with the antici- 
pated national and state labor force trends. Estimates of the labor force were 
obtained by applying the appropriate labor force participation rate to the speci- 
fic age and sex group. 

Projections of total civilian employment were made by subtracting five per 
cent of the civilian labor force, which is the projected unemployment rate, from 
the civilian labor force. 

Forecasts of employment by industry were based on monthly estimates of em- 
ployment by industry prepared by the Department of Employment and the Department 
of Industrial Relations o The forecasts were made for each 2-digit industry; and, 
in some cases, for each 3-digit industry. They were based on an analysis of past 
trends and an evaluation of factors which influence employment levels in each 
industry. 

The estimates to 1965 were adjusted to match Census-type industry defini- 
tions. The Census definitions are generally comparable to the standard indus- 
trial classification. In Census data, government wrkers are apportioned among 
the industries in the private sector in which the work in which they are normally 
engaged is carried on. For example, employees of government hospitals are put in 
the medical service industry and employees of naval shipyards are put in the 
transportation equipment industry. The only government workers in "Public Ad- 
ministration" are the employees of the legislative, executive, and judicial 
branches of government. In the standard industrial classification, all govern- 
ment workers are included in a single industry division called "Government." 

The occupational projections are developed from an Industry-Occupational 
matrix, constructed from data published in the 1960 Census of Population and 
derived from an evaluation of the occupational composition of local industries. 



~^lfen£Ower Resources of the San Francisco - Oakland Bay Area . o£. cit 




75 



The occupauional ratios which were developed in the matrix were applied to the 
Census^type estimates of annual average employment by industry for 1960, 1962, 
and 1965. 

The influence of technological advances, growth in size and complexity of 
component firms, and changes in the occupational composition of the industry, 
upon occupational patterns in each industry was considered insofar as information 
concerning these forces was available. Then the estimates for 1962 and 1965 were 
adjusted in 15.ne ifith past occupational trends. 

74/ 

The Ohio Study — 

The Ohio Bureau of Unemployment Compensation projected Ohio population, 
labor force, and employment by industries and occupations to 1970. The methods 
used in most cases were those suggested in the Handbook on Sources Pats for 
Manpower Projections .^^ The method used to obtain projections of the population 
for 1965 and 1970 was the component method. Ohio civilian labor force projec- 
tions, by sex and age group, were obtained by applying labor force participation 
rates to the projected civilian population data. 

The 1960 nonagricultural wage and salary industry employment estimate was 
developed by multiplying the April 1960 Ohio Current Employment Statistics by 
the ratio of the 1950 adjusted Census estimate to the 1950 Ohio Current Employ- 
ment Statistics estimate. In order to project the broad industry components 
(agricultural, nonagricultural wage and salary, and nonagricultural "all other") 
of employment of 1970 , it was assumed that the 1950 to 1960 trend in the propor- 
tions in each component would continue to 1970. 

For emplo 3 rment by occupations, the 1950 U. S. occupational distribution of 
employment by industry was obtained from the 1950 Census of Population. Esti- 
mates and projections for 1960 and 1970 were based on the assumption that occu- 
pational patterns for 1960 and 1970 in Ohio did and would, follow national trends. 
Per cent distributions of Ohio employment in the occupations in the various 
industry divisions for 1960 and 1970 were obtained by multiplying the 1950 Ohio 
per cent distributions by the projected percentage changes based on the occupa- 
tional-industry matrix for the United States. 



~ ^Manpower in Ohio , op . cit . 

Handbook on Sources of - Data for Manpower Projections, U. S. Department 
of Labor, Bureau of Labor Statistics, Washington; U. S. Government Printing 
Office (1961). 



76 



The National Planning Association — 

The National Planning Association in its National Economic Projection Series 
gives historical statistical data on population, labor force, employment, income, 
output, and productivity and projects these parameters for the nation to various 
selected years. In its Regional Economic Projection Series, it does this for 
states and regions. 

At the national level, its study disaggregates the economy into 107 group- 
ings of industries and projects employment at three different levels of disaggre- 
gation. 

The employment measure is the total number of persons employed as given for 

the major economic sectors in the Bureau of the Census monthly survey of house- 

77/ 

holds, published as the Monthly Report on the Labor Force . — This household 
data refers to the number of persons employed. Data on the number of jobs held 
by wage and salary workers are obtained from the historical statistics of the 

73/ 

Bureau of Labor Statistics, published in Employment and Earnings. Data on 
self-employed persons comes from National Income Numbers of the Survey ^f Current 
Business . The household data are distributed to the 2-digit and 3-digit in- 
dustries in proportion to the nutober of jobs held by wage and salary employees. 
Data on self-employed persons were not estimated by the Bureau of Labor Statis- 
tics for some years prior to 1958. For these years, employment estimates are 

based on (1) the employment data reported by the Bureau of the Census in the 

fln/ 

Ann ual Survev of Manufactures^^ as shown in the various issues covering the 

3j^/ 

period 1947-57, (2) the 1958 Census of Manufactures . — and (3) data that the 



•^^^See especially American Industry in 1976 and 1985, National Planning 
Association, Washington (1964), pp. 177-180. 

^ ^Monthly Report on the Labor Force, U. S. Department of Labor, Bureau of 
Labor Statistics, Washington: U. S. Government Printing Office (continuing series). 

■^ ^Emplovment and Earnings . U. S. Department of Ubor, Bureau of Labor Sta- 
tistics, Washington: U. S. Government Printing Office (continuing series). 

•^^Survey of Current Business , U. S. Department of Commerce, Office of 
Business Economics, Washington: U. S. Government Printing Office. 

— ^Annual Survey of Manufactures , U. S. Department of Commerce, Bureau of 
the Census, Washington: U. S. Government Printing Office. 

— ^1958 Census of Manufactures . U. S. Department of Commerce, Bureau of the 
Census, Washington: U. S. Government Printing Office. 
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Bureau of Employment has published in annual statistical supplements to Employmen t 
and Wages Covered by State Unemployment Insurance Laws- for the period 1947-58. 

Employment in gas utilities is estimated from the data provided by the 
American Gas Association in tos Facts .— ^ Government enterprise employment in 
utilities is allocated among 3-digit utilities on the basis of data reported by 
the 1957 Census of Governments .—^ Further details of its employment data con- 
struction can be found in its publication, American Industry ^n . 19^^ SSli 

85/ 

Projections of Output . Employment , and Productivity . 

In its state projections, the National Planning Association assumes that the 
national economy is the logical place at which to start, that oyer the long-run, 
population tends to follow employment opportunities, and that employment is an 
indicator of a region's capacity/ to produce. It, therefore, begins its projec- 
tions by examining the state components of national employment, determining the 
ratio of state total employment and industrial sector employment to national total 
employment and industrial sector employment, over time. It assumes that export 
employment is the key generator for state growth and that population movement will 
respond to the location of industrial activity. Although industry tends to move 
to are^s in which it can sell its products and in which it can attract a suitable 
work force, the National Planning Association assumes that people are more mobile 
than industry and that people migrate mainly because of job opportunities. 

Distribution of emplo 3 nnent among industries within a state will change 
because this distribution is changing nationally, but it will also change because 
each state shares differently in the national growth or decline of each industry. 



— ^Employment and Wages of Workers Covered ^ State Unemployment Insurance 
Laws ^ Industry and State, U. S. Department of Labor, Bureau of Employment 
Security, Washington: U. S. Government Printing Office. 

•^^American Gas Association, Gas Facts . Washington: American Gas Association, 
Bureau of Statistics (1952), Table 190, p. 250, and (1961), Table 203, p. 222. 

— ^1957 Census of Governments . U. S. Department of Commerce, Bureau of the 
Census, Washington: U. S. Government Printing Office. 

^^ ^American Industry in 1976 and 1985 : Projections of Output . Employment and 
Productivity , op . cit . 
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Its technique for state employment projections can be summarized in the 
following three steps: (1) Divide up the national growth of each industry among 

the states by weighing the comparative advantages of the states. (2) Project 
export employment. (3) Derive from export employment levels the estistate of 

residentiary employment and population. 

In its state projections, it compares the actual employment changes with the 

employment changes which would have occurred had all regions shared in growth 
equally. 

The regional projections are obtained by aggregating the state projections 
in each region. 

„ u 86 / 

Vaughan — 

Vaughan projected employment by industry, by occupation and by sex for the 
Denver Metropolitan Statistical Area to 1970. The general approach in all of 
his projections was to proceed from the whole to the parts. Basic assumptions 
were established regarding U. S. economic and social trends. Colorado trends 
were evaluated in terms of U. S. growth. Denver area growth was related to 
Colorado growth. Ceneral population, employment and income projections for Denver 
were then broken down into the component parts. Figuring prominently in this 
system is the ratio method. This is the relationship which a component of popu- 
lation, employment, income, etc., bears to the total. 

The assumptions underlying the Census Bureau's Series II projections (1958) 
were adopted for the Colorado and Denver area projections. Fertility was assumed 
to approximate the 1955-57 level throughout the projection period. The death 
rate was expected to stay the same or perhaps edge downward from the 1950-1960 
experience. Net immigration during the 1960's expected to be slightly below 
that of the 1950’ s because of lessened military manpower requirements in the 
area and because allowance could not be made in the projections for another 
industry the size of the Martin-Marietta Company. Annual projections by selected 
age groups took into consideration the effect of immigration and cohort survival 

over the period. 

For the most part, projections of occupational components represented a 
continuation of trends noted in the 1950* s. 



86 /' 



Vaughan, o£. cit. 






78 



Its technique for state employment projections can be summarized in the 
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The regional projections are obtained by aggregating the state projections 
in each region. 

.. 86 / 

Vaughan — 

Vaughan projected employment by industry, by occupation and by sex for the 
Denver Metropolitan Statistical Area to 1970. The general approach in all of 
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The assumptions underlying the Census Bureau’s Series II projections (1958) 
were adopted for the Colorado and Denver area projections. Fertility was assumed 
to approximate the 1955-57 level throughout the projection period. The death 
rate was expected to stay the same or perhaps edge downward from the 1950-1960 
experience. Net immigration during the 1960* s was expected to be slightly below 
that of the 1950* s because of lessened military manpower requirements in the 
area and because allowance could not be made in the projections for another 
industry the size of the MArtin-Marietta Company. Annual projections by selected 
age groups took into consideration the effect of immigration and cohort survival 

over the period. 

For the most part, projections of occupational components represented a 
continuation of trends noted in the 1950* s. 
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Vaughan, o£. cit , 
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Starting from a 1960 base of employment, Vaughan made assumptions regarding 
^withdrawals from the labor force during the 1960 's because of retirement, death, 
marriage, child-bearing, etc. All employed persons who were 65 years and over in 
1960 were withdrawn. Also withdraxwn were about half of those in the 55-65 brack- 
et. In addition, death rates were computed for other brackets based on actuarial 
studies. These withdrawals were then subtracted from the 1960 employment figure, 
. and this amount then subtracted from the 1970 employment projection to give an 
estimate of the number of new workers needed. 

Estimates of the number of jobs to be filled represent an attempt to define 
shifts in the internal job market during the 1960's. Reflecting the impact of 
industrial and business machines on the employment of production workers and non- 
production workers, and on shifts in companies' organizational structures to gain 
operating economies and to follow the markets, the assumption was made that one 
out of four jobs vacated by a worker leaving the labor force is not filled. Jobs 
unfilled resulting from shifts of workers to other occupations were estimated by 

ratios developed in a study, Manooxwer auid Technological Change in New York State . 

87 / 

Nexw York State Department of Labor, 1960. — 

Withdrawals and net shifts were then subtracted from the total jobs to be 
filled (or new xworkers) to derive the number of jobs resulting from industrial 
growth. This last category reflects additional jobs to be filled because of ex- 
pected expansion in the area's population and economic base. 



87 / 

Manpower and Technological Change in New York State . New York State 
Department of Labor: Albany (1960). 
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ANALYSES OF DEMAND 



BLS Studies 

The most notable efforts in analyzing the characteristics of demand and 
developing statistical relationships of the more important factors affecting 
future employment are the research by the U. S. Bureau of Labor Statistics; but 
figuring in parts of their methods are extrapolations, ratios, and the component 

method. 

Noting that there have been revolutionary shifts in the structure of em- 
ployment in recent decades in the United States, Wolfbein stated that a major 
factor in determining the manpower requirements in most industries is the level 
of industrial activity in that sector and that this is related to the overall 

level of economic activity for the nation. 

In projecting occupational demand, it would be desirable to be able to 
analyze the outlook for production and employment in each of the industries, 
establishing the nature of the demand for each industry* s products or services 
and the relationship of this industry to the growth of the whole economy. How- 
ever, because of the resources necessary for this type of study, a more global 
approach is taken to fill the gaps. The general approach is to project the over- 
all level of economic activity for the nation and to relate this level of acti- 
vity to employment in each industry, followed by a determination of the occupa- 
tional requirements in each industry, the supply of workers, and training require- 
ments. In each of its methods, there is a need for judgment in areas such as 
future changes in productivity, shifts in the relations of demand for products, 
growth in size and complexity of business organizations, expected growth in re- 
search and development activities, and (in some cases) by the supply of workers 
expected to be available. 

Two general approaches have been used to project the overall level of econo- 
mic activity for the nation. One lias been to assume a given level of output dur- 
ing the target period, consistent with an unemployment rate of 3% and an increase 

of 5W» in Gross National Product from 1960 to 1970. 

The other approach has been to use the Census Bureau’ s projections of the 
size and composition of the population, project the labor force, make an assump- 
tion concerning the size of the armed forces, assume full employment or a level 
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of unemployment, and project annual hours of work and output per manhour to arrive 
at a projection of the overall level of economic activity during the target period. 
In projecting the labor force, the general approach has been to project labor- 
force participation rates separately for the various age-sex groups and to apply 
these rates to the future population in each group. For each of the age-sex 
groups, trends in labor-force participation rates by age were extrapolated, then 
weighted by their respective future populations and the resulting labor force 
summed to provide the total labor force and labor- force participation rate for 
each age-sex group and for all ages. 

In relating estimates of total economic activity to individual industries, 
the Bureau of Labor Statistics has taken two general approaches. Employment in 
each industry has been related to total employment in the nation, and production 
in each industry has been related to total production in the nation. In each of 
the approaches, before the final projections have been made, judgments have been 
made concerning future changes in output per manhour, hours of work, demands for 
products and services, patterns of business investment and government purchases, 
and competition of other products and services. These judgments were made after 
observing past relationships of the foregoing, and after discussions with indus- 
try and union experts. 

Total employment for all industries has been projected and enployment in 
individual industries related to the total. This assumed that the movement of 
employment in certain individual industries varied characteristically with the 
fluctuation of total employment. In many industries, the movement of employment 
has varied in sufficiently characteristic fashion to total employment to make 
this procedure a useful tool. 

Analyzed first were the past relationships between total nonagri cultural 
employment and employment in each of the broad industry divisions. Employment in 
each of the industry groups within the major industry divisions was then related 
to the total in the division. Finally, each detailed industry within each of the 
industry groups was related to the group total. By using this procedure, a con- 
sistent set of relationships was obtained. The effect of this method of analyz- 
ing the relationship of employment in each industry to total employment was to 
take into account all of the factors affecting this relationship in the period 

from which the data used were obtained. 

Two methods have been used to relate total production to production in each 



industry. 
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BLS has experimented with analyzing the past relationship between the pro 
duction in each industry and total projected production as a means of projecting 
Industry production levels in much the same way as for employment levels just 
described, and then translating these industry projections of production into 
employment by consideration of trends in output per manhour and hours of work. As 
in the previous method, this was done for the broad industry divisions first and 
progressively for smaller industry aggregates related to the broad industry divi- 
sion totals. While still essentially mechanistic^ this procedure permits a 

greater number of checks for internal consistency. 

The second method of relating total production in the economy to production 
in each industry is still in the process of development. Total production is 
allocated among the various industries by the use of interindustry coefficients. 
This approach is aimed at providing a more comprehensive and integrated frameviork 
than previously has been available for analyzing the problems of long-run econo- 
mic growth in relation to employment opportunities. This method is part of the 
Economic Growth Studies of the Inter-Agency Committee, which has as one of its 
primary objectives the development of projections, under alternative assumptions, 
of the rate and patterns of growth in the economy. This method translates pro- 
duction estimates into employment estimates for individual industries. 

Starting with assumptions regarding growth in population, hours worked, and 
productivity, it projects, under alternative assumptions, total income and output 
of the economy and the distribution of this output among the various detailed 
components of final demand for consumption, investment, government expenditures, 
and foreign trade. The basis for deriving from the output projections compre- 
hensive and consistent estimates of the demand for labor on an industry-by- indus- 
try basis will be provided by industry output requirements, projections of hours 
of work, projections of output per manhour, and expected changes in their trends. 
In addition to employment data, production information, price indexes, and^ hours 
of wor.c by appropriate industry classification are necessary. Data concerning 
intemediate as well as iinal demands must be developed in order for the pro- 
cedure to produce meaningful results. The Office of Business Economics of the 
Department of Commerce is preparing the interindustry data. The Inter-Agency 
Growth Committee, housed in the Bureau of Labor Statistics, is in charge of the 
overall study, and the sections on productivity, employment, earnings, occupa- 
tions, and related data, are being developed by the BLS. 
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The results of the various types of analyses are the basis for judgment 
decisions as to the level of employment in the projected period. Background in 
making judgments regarding future industry trends may be obtained from data 
collected and analyzed in the occupational outlook program, discussion with in- 
dustry and union expeirts, and from the BLS Technological Outlook studies. In the 
latter, two approaches to the study of technological outlook are being followed. 

A series of studies of key industries, analyzing major technological trends and 
their implications has already produced a report on Technological Trends jii ^6 
Malor American Industries , covering the status and outlook of impending develop- 
ments in each industry. Also being made are a series of studies of different 
types of innovations that have an impact on a large number of industries. 

Data are being compiled on trends in the occupational composition of the 
various industries and these trends analyzed, but the problems connected with pro- 
jecting occupational employment are great. The occupational pattern of employ- 
ment has been changing rapidly, and there is a lack of historical and current sta- 
tistics. Added to the difficulties is that many factors bring about changes in 
the occupational composition of employment, and these factors must be analyzed 
and weighted. Finally, no one technique can be used to project demand in all 
occupations. 

The replacement rate is especially important in projecting the needs for 
additional persons in some occupations, for example, teachers. Some occupations 
are so concentrated in one industry (for example, locomotive engineers) that 
changes in the processes, products, and technology in that industry will reveal 

the occupational-employment trends in that industry. 

There is need for a good current occupational pattern for each industry and 
a thorough and continuous assessment of technological change and its effect on 
the occupational structure. In accordance with the Gordon Committee s recommenda- 
tions, the Bureau of Labor Statistics has begun exploratory work on an employer- 
oriented collection program to help provide the basic information for these steps. 
Until data of this raagaiitude become available, the Bureau of Labor Statistics 
will continue its attempts to develop projections with whatever data and statisti- 
cal techniques are available. 

As a tool for projecting occupfitional employment in each industry, the 
Bureau of Labor Statistics is preparing estimates of the occupational composition 
of individual industries for future periods. Estimates will be made for about 
100 specific occupations in about 125 industries. It plans to apply these future 
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occupational ratios to projections of employment in each industry, and sum the 
products across all industries to arrive at total employment by occupation for 
the entire economy. 

This occupational- industry matrix foi* the nation is likely to make a great 
contribution to the Department of Labor’s program of vocational guidance and 
determining employment opportunities and needs. It will provide informatioa 
on the number of persons currently employed in specific occupations and on their 
distribution by industry. Annual estimates of total employment by occupation 
can be made by applying the most recent occupational composition patterns for 
each industry in the matrix to estimates of employment by industry. 

Occupational projections can be made which will reflect judgments based 
on trend data on the changing occupational distribution of each industry, 
analysis of the effects of changing technology, industry product mix, and other 
information obtained from the occupational outlook studies of major occupations 
and industries. 

As new information on the occupational structure of industries is intro- 
duced, studies will be made of the variations in occupational distributions 
among establishments within industries. An attempt will be made to ascertain 
the factors which affect the occupational patterns of individual firms within 
an industry. These factors may be geographic location, product mix, size of 
plant, and other characteristi.es of the firm. How rapidly occupational patterns 
change is also being studied. 

The major source of statistical information for the occupational- industry 
matrix are the data from the decennial censuses of population. The Monthly 
Report on the Labor Force provides the only complete estimate of employment in 
the intercensal years. However, there are a number of other sources of good 
Information on one or a few occupations, or on the occupational composition of 
particular industries o Estimates can be developed from licensure statistics, 
membership records of professional societies, and Federal agency studies and 
records. As a result of special studies. Federal agencies have estimates of 
employment of scientists, engineers, and related technicians; college teachers; 
librarians; policemen; and elementary and secondary school teachers. In addi- 
tion, estimates of occupational employment might be developed from the BLS wage- 
rate studies for about 30 occupations found in many industries plus other occu- 
pations which are concentrated in specific industries. Federal government 
employment by occupation or occupational group can be obtained from the records 
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of the Civil Service Commission. Federal regulatory agencies have records of the 
occupational structure of the regulated industries (airlines, interstate motor 
carriers, pipelines, railroads, and telecommunications). 

The first step toward making projections of employment by occupation has 
been to secure the best possible estimates of the occupational composition of 
about 125 industries for 1960. The U. S. Census of Population Occupation-by- 
Industry tables have provided the basic data. Then, all estimates of occupational 
employment that are considered reliable and that may be preferable to Census data 
have been introduced as constants. In the matrix, this combination of Census and 
other data was summed horizontally and vertically, but the data were adjusted to 
fit the pre “determined totals dictated by the occupational-group totals and 
employment “by “industry totals found in the Monthly Review of the Labor Force. 

Industry employment projections will come from the Economic Growth Project, 

or from other projections of employment by industry. 

Occupational patterns for a base period and good projections of employment“ 
by“ industry comprise a major step toward projections of employment “by -occupation 
for a period as short as six to ten years. However, since the occupational com- 
position of industries changes over time, it is necessary to evaluate the changes 
that are likely to come by 1970 or 1975. When this is carried out as well as 
possible, the basic work on the future industry-occupational patterns will be 
completed . 

The procedures presently being considered for projecting employment by 
detailed occupation has certain similarities to the preparation of the matrix ^ov 
the base period. Estimates from special studies of individual occupations and 
Federal agency records of employment-by-occupation and occupational patterns for 
specific industries will be entered into the table for 1970 as constants. 

H^ny of the estimates, however, will be developed by examining trend data 
on the occupational patterns for each industry and making additional analysis of 
the effects of technological change, changing product mix, and institutional and 
other factors on the occupational patterns of the recent past, and how these 
factors are likely to affect the projection of past trends to the future. 

The following trend data are available: (1) The U. Census o^ Population 

provides detailed occupation-by- industry tables for both 1950 and 1960. The 
change in the occupation-by- industry pattern from 1950 to 1960 is one of the 
things the Bureau of Labor Statistics will look at in estimating the occupational 
pattern for 1970. (2) A second source of trend data is the estimates of 
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employment o£ production workers and nonproduction workers in detailed manufactur** 
ing and mining industries shown in the BLS statistics that have already been com- 
piled from reports to the BLS. (3) The BLS wage-studies data will provide addi- 
tional indications of the trend for specific occupations in a number of industries 
through 1963 or 1964. (4) Trend data from licensure statistics, government sur- 

veys, and civil service and Federal regulatory agencies' records will also be 
examined. 

Analysis o£ the effects of technological change will be based on studies of 
the Office of Productivity or on library research. 

Finally, the information for each industry will be adjusted to 100% of the 
employment-by- industry projections . 

The estimates of trend since 1960 for detailed occupations and industries, 
developed from various sources, will be combined into trends for broad occupation- 
al groups in major industries and for the whole economy. 

A useful check on projected patterns is to examine the occupational composi- 
tion of new plants which are utilizing up-to-date methods and equipment, and 
compare these compositions with the occupational patterns of less modern estab- 
lishments . 

A computer-oriented system will be developed to permit computation of vari- 
ous sets of projected occupational requirements based on different assumptions 
with respect to the technological and other changes on occupational requirements 
within groups of industries. This system will make possible a mechanical adjust- 
ment to pre -determined totals whenever changes in occupational structure are made, 
and will provide a means of rapid revision of the industry- occupational matrix 
to provide current estimates of employment by occupation as new industry employ- 
ment estimates become available and as new occupational data are developed. 

In summary, the procedure proposed for projecting employment by cccupation 
relies on the belief that the occupational patterns for many industries are 
relatively stable over periods as short as ten years, and that the improved 
industry-occupational matrix prepared for 1960, combined with a systematic effort 
to evaluate changes in patterns likely to occur in the near future, will provide 
occupational ratios for each industry which, when combined with good projections 
of employment by industry, will yield useful information on employment by occu- 
pation for future periods. 

After occupational requirements have been determined, the availability of 
workers to meet these requirements must be estimated. The current supply of 
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workers by occupation must first be determined. Then estimates must be prepared 
of the additions to and withdrawals from each occupational group over time. 

These estimates must then be matched against the projected occupational require- 
ments so that areas of potential shortages and dislocations will be evident. 

Data for the professional occupations and the skilled crafts where institutional 
requirements must be met (degrees, licenses, and certificates) before the student 
or trainee is considered fully qualified may be obtained from educational insti- 
tutions, training facilities, licensing authorities, secondary vocational schools, 
and organisation membership rosters. In addition, persons have become accepted 
members of their craft or profession through eKperience or on-the job training. 

The number of people who have to be trained for each occupation must then 
be estimated by computing the net growth requirements in the occupation and the 
number of workers needed to replace those dying, retiring, or otherwise leaving 

the occupation. 

88 / 

Occupational Outlook Han dbool<r~ 

The Outlook Handbook , prepared by the Bureau of Labor Statis- 

tics, provides current information on nearly 700 kinds of jobs. Their forecasts, 
some qualitative and some quantitative, are judgmental, based on interviews with 
persons in industry, unions, etc., data supplied by the research programs of BLS 
on employment in different industries, productivity, technological developments, 
etc., on estimates of the numbers of job openings which will be created by re- 
tirements and deaths, statistics on high school and college enrollment and 
graduations, and data on the numbers of apprentices in skilled trades. 

A typical statement can be found concerning the outlook for employment as 
a medical X-ray technician. "Shortages of trained medical X-ray technicians are 
likely to persist throughout the remainder of the 1960's unless the supply of 
these workers is increased substantially."^' It tells the reader where to go 
for more information; in the case of those interested in the occupation of medi- 
cal X-ray technician, to The American Society of X-ray Technicians and The 
American Registry of Radiologic Technologists. 



^^ Occupational Outlook Handbook . o£. cit. 
— ^Ibid. , p. 66. 
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Flanders and Fultoir — 

Flanders and Fulton of the Bureau of Labor Statistics conducted a study on 
the employment outlook and changing occupational structure in electronics manu- 
facturing. Three steps comprised the study: (1) finding electronic shipment 

estimates for 1958-1961 and 1970, (2) developing shipments-per-employee estimates 
and projections, and (3) dividing electronic shipment estimates by shipments-per- 
employee to get employment totals. In executing the first step, dollar shipments 
were obtained by major electronic category for the years 1950 to 1962 from the 
Electronics Industries Association shipment series. For each SIC 4-digit indus- 
try which shipped at least $25 million in electronic products in 1958, the esti- 
mated per cent which electronics shipments were of total shipments was calculated. 
This per cent was then applied to total employment in the industry in order to 
find estimated employment. Involved in this step was the assumption that employ- 
ment in the manufacture of electronic products may be distinguished with reason- 
able accuracy from nonelectronic employment by prorating total employment accord- 
ing to proportions of electronics and nonelectronics shipments. The dollar 
figures were then converted into real dollar figures by deflating the current 
dollar shipment values for each of the major product categories separately, and 
real dollar shipments were projected to 1970 by developing projections separately 
for each major electronic category and adding them together to obtain projections 
for the entire industry. 

The second step was done on the basis of product shipment analyses from the 
1958 Census of Manufactures. For each of the twenty 4-digit industries in 1958, 
the following computations were made. Electronics shipments in each industry 
were divided by total shipments in that industry and multiplied by total employ- 
ment in the industry to equal the number of workers in that industry engaged in 
electronics manufacturing. Electronics shipments were divided by the number of 
workers in that industry engaged in electronics manufacturing to equal shipments 
per electronics employee. The figure for shipments per electronics employee was 
weighted according to the ratio which electronics shipments in that industry bore 
to electronic shipments in the major electronic product category in which the 
industry would be classified. These weights gave estimates of shipments-per- 



^ ^Emoloymtat Outlook and Changing Occupational Structure ^ Electronics 
Manufacturing . qp . cit. 
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employee for 1958 for each of the four major product categories. These estimates 
were deflated to constant 1960 dollars; and comparable estimates, in 1960 dollars, 

were developed for 1959, 1960, 1961, and 1970. 

The third step involved dividing the electronic shipment estimates (by 
product category and year) by shipments -per-employee to get employment totals. 

This provides the estimates of electronics employment by category and year, but 
not by occupation. 

They obtained their material through talks and interviews with industry, 
labor, and Federal Government officials engaged in electronics work; periodicals, 
books, special reports and studies, and newspaper articles; the Electronics Indus- 
tries Association, a major trade association in this field; Federal legislative 
committees; Federal agencies; and much unpublished data from the Bureau of Em- 
ployment Security, e.g., data for their table, "Employment in Electronics Manu- 
facturing, by Region and State, January 1958 and January 1961. 

Their estimates and projections do not cover electronics activity in the 
Federal Government, universities, and nonprofit research centers. 

92/ 

Michael~ 

The Bureau of Labor Statistics conducted a study of the long-range deman;- 
for scientific and technical personnel for the National Science Foundation. The 
study was an attempt to develop a method of projecting employment of scientists 
and engineers, in extensive occupational and industrial detail, for the entire 
civilian economy; and to develop methods for improving these first approximations 
through the study of particular sections of the economy. 

In appraising future needs for newly trained scientists and engineers, it 
is necessary to allow for two major components of demand: (1) growth in employ- 

ment likely to result from economic developments, technological developments, and 
such other developments as changes in utilization, and (2) replacement require- 
ments brought about by retirements, deaths, and other personal losses (for exam- 
ple, transfers to other fields of work and promotions). There are three possible 
methods of projecting scientific and technical employment: (1) Ask a sample of 



— ^Ibid . . p. 8. 

l^^The Long - Range Demand for Scientific and Technical Personnel. op« cit. 
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employers to furnish estimates of their future needs for scientists and engineers. 
This is used chiefly to assess relatively short~run demand (up to five years). 

(2) Extrapolate trends indicated by historical data on such employment. (3) An- 
alyze the factors affecting demand for personnel in each occupation and develop 
projections through statistical relationships of the factors found to have the 
greatest influence on these requirements. This analytical approach, adapted and 
simplified, was the method chosen for this study. First approximations of em- 
ployment and scientific and technical manpower in 1970 was obtained by applying 
projected ratios of scientific and technical manpower for each sector to projec- 
tions of total employment. The 1970 ratios, in most cases, were obtained by 
extrapolating the trends indicated by data covering the 5-year period, 1954-59. 
The 1970 ratios obtained in the first part of this study reflect an extension of 
the 1954-59 trends. Therefore, in the 1970 ratios it is assumed that trends in 
research and development activity, changes in technology, and other factors which 
specially affect employment of scientists and engineers will follow patterns over 
the 1960* s similar to those prevailing during the latter part of the previous 
decade. 

For private industry employment, data on the employment of scientific and 
technical personnel came primarily from surveys conducted by the Bureau of Labor 
Statistics for the National Science Foundation in 1954, 1957, and 1959. When 
adjustments for problems had been made, ratios of scientific and engineering 
employment to total employment were computed for 1954, 1957, 1958, and 1959 for 
each of the industries covered by the surveys. A trend line was fitted to the 
ratios for each industry and extrapolated to 1970. Then the projected ratios of 
scientific and engineering employment were multiplied by the Bureau's projections 
of total employment for 1970, industry by industry. Projections of employment of 
engineers and of the various scientific professions were derived for each indus- 
|jy applying an occupational distribution to the projected 1970 employment of 
total scientists and engineers, the occupational distribution being based on the 
1959 distribution but modified where possible on the basis of past trends and 
other information. Since no trend data were available for technicians, the pro- 
jections for this occupation were based upon the 1959 ratio of technicians of 
total scientists and engineers. 

Projections of the 1970 colleges and universities employment of scientists 
and engineers were based largely on projections of total college and university 
employment prepared by the Office of Education. 
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Projections were derived separately for Federal, State, and local governments. 
For Federal government employment, to obtain a first approximation of the future 
level of scientific and engineering employment, the projected 1970 ratio was multi- 
plied by a 1970 projection of total Federal government employment, prepared by the 
BLS in connection with its broad study of the country's future manpower require- 
ments. For state government employment, the major source of data on scientific 
and technical employment was a 1959 BLS-NSF survey. It was decided to make some 
allowance for the growing utilization of technical personnel by increasing the 
1959 ratio of scientists and engineers to State employment by the same percentage 
as was indicated by the comparable ratios for the Federal government. For local 
government employment, the first step in deriving projections x^as to make rough 
approximations of 1959 employment of engineers and scientists. These estimates 
were based on preliminary data on scientific and technical personnel in a sample 
of local government agencies in six states from a pilot study conducted by the BLS 
for the NSF, The 1959 ratios of scientific to total employment for local govern- 
ments were increased by the same percentage as was indicated by the comparable 
ratios for Federal government. 

In addition to employment projections for scientists and engineers as a 
group, separate 1970 employment figures were derived for engineers and for a num- 
ber of scientific occupations, with the same industry breakdown as in the overall 
figures. For a few industries initial projections of 1970 employment of techni- 
cians were also prepared by similar methods. 

In general, it is believed that the projections for the largest occupations 
such as engineers and chemists are reasonable; but that much more detailed study 
of the smaller occupations, such as physicists and mathematicians, would be needed 
to produce reliable projections, because they are subject to such marked changes 
resulting from new developments in science and technology. 

It might be suggested that the increase in the employment of scientific and 
technical personnel between 1954 and 1959 was due in part to more ample supply. 

If this were so, the upward trend in emplojmient ratios may somewhat overstate the 
actual rise in demand and this would give the projections some upward bias. 

A more comprehensive investigation of the validity of the extrapolated ratios 
was made for the chemicals and electrical equipment industries. The chief purpose 
of the special industry studies was to determine whether studies of this kind 
would provide a basis for assessing and, if necessary, modifying, projections of 
scientific and engineering employment. For these two industries, detailed 
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analysis »as attempted from all available data «hich may have influenced trends in 
employment of scientific and engineering personnel and the ratio of scienti ic an 
engineering manpower to total employment. To accomplish this analysis, a sample 
of employers in each industry was interviewed. They were shown charts and tab 
depicting the past growth of scientific and engineering employment and the 
projections of such employment for the industry which had been derived on a pre- 
liminary basis. They were asked their opinions of the projections and how relx- 
able their own companies' past forecasts had proven to be. All of the estates 
for the interviewed companies in each industry, given or derived, were combined 
to yield overall estimates of the 1970 employment of scientists and engineers and 
all employees for the chemicals or electrical industry, respectively. 

The results of the detailed study in the chemicals industry tended to con- 
firm the first approximations. For the electrical equipment industry, however. 

some modification of the projections was indicated. 

The chemicals industry is among the largest industrial employers of techni- 
cians with about 34.000 on its payrolls in 1959. More than 457. of these were in 
research and development. The rate of gain in employment of scientific and 
technical personnel from 1954 to 1959 significantly exceeded the rate o 
in the industry's work force. ,d.ich rose by 1.77. a year during this period Many 
of the scientific and technical personnel are directly concerned with the indus- 
try's advancing technology and expanded research program. The proportion which 
scientists and engineers represented of the industry's total work force ro 
average annual rate of 4%. For the period 1954-1959. the trends in the ratios 
of scientists and engineers to total employment were of fundamental importance in 
this project because of their use in developing projections of future emplo^en . 
Statistics on nonproduction workers (broadly speaking, all white-collar wor ers 
compiled by the BLS were also relevant to this analysis. These include p 
sional. administrative, technical, clerical, and sales workers. 

one main aspect of this detailed analysis concerned the anticipated increase 
in total employment in this industry. Rapid technological advances, as in t e 
past. Will permit the industry to increase its output significantly w th only a 
relatively small increase, probably 337.. in total employment between an 

1970. 

Employment of technicians was projected at the same rate of increase as that 

• A - -oovG (foci's showing a rise from about 34,000 in 1l9S9 to 

of scientists and engineers snowxng a i.x* 

63,000 in 1970. 
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When aggregated, projections developed from discussions with individual 
company officials of the interview sample in the chemicals industry and those 
supplied by company officials showed a 63% increase in scientific and engineering 
employment for these companies between 1959 and 1970 compared with an 82% increase 
which had been projected for the chemical industries as a whole. The difference 
between rate of increase between the industry and the interview companies appar- 
ently is explained by the large size of most of the interview companies, since 
the small firms are the ones which have been achieving the most rapid rates of 
growth in scientific and engineering staffs. In all probability, they will con- 
tinue their rapid growth. 

The officials of chemicals companies interviewed were generally of the 
opinion that the ratios of technicians to scientists and engineers would increase 
over the next ten years both in their companies and in the industry as a whole. 

The electrical equipment industry is second only to the transportation 
equipment industry in the number of scientists and engineers employed and leads 
even this industry in employment of technicians. This is because of the highly 
technical nature of most electronic and electrical products and the large amount 
of research performed. Detailed information on employment of scientists and 
engineers in the electrical equipment industry is av*»~*lable only for the 1954-59 
period covered by the BLS-NSF surveys. The proporticn that chemists and engineers 
represented of total employment in. the industry increased from 4.6% in 1940 to 
4.9% in 1950, an average annual rate of less than 1%. The proportion increased 
at an average rate of more than 6% per year, however, between 1954 and 1959, 
roughly the same as the increase in the ratio of total scientists and engineers 
to total employment shown in the BLS-NSF surveys. 

Statistics on nonproduction workers also help in analyzing the 1954-59 
period, since engineers and scientists represent about 24% of nonproduction worker 
employment in the electrical equipment industry. When technicians are added, the 
proportion is increased to about 41%. 

In discussions with company officials regarding trends in past and expected 
employment, doubts were raised as to xfhether the 1954-59 period is a completely 
satisfactory one to use as a bas5.s for projections for this industry. The inter- 
view companies in the electrical equipment industry as a group indicated that the 
initial projections of scientific and engineering employment were somewhat too 
high. However, these companies were expecting a substantial increase in their 
employ me nt of scientists and engineers. In the years through 1959, the interview 
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companies in the electrical equipment industry, like those in the chemicals 
industry, increased their employment of scientists and engineers at not quite 
three **£ourths (73%) of the rate for the electrical equipment industry as a whole. 
Statements from company officials interviewed indicated that as a group their 
companies expected little or no increase in 1970 in their employment of techni~ 
cians relative to that of scientists and engineers. 

The levels of scientific and engineering employment in 1970 implied for the 
country as a whole can be anticipated in large measure by aggregating the projec- 
tions for the different sectors of the economy. To complete the picture of scien- 
tific and engineering employment for the entire civilian economy, it is necessary, 
however, to make allowance also for a few areas of employment which were not 
covered by the basic data for private industry, colleges and universities, and 
government . 

To arrive at an assessment of the nation's future education and training 
needs, it is necessary to develop estimates of demand and know a great deal about 
the sources of supply of scientific and engineering manpower. 

To derive estimates of losses owing to retirements and deaths, appropriate 
separation rates developed from Tables of Working Life ; Length Working Life for 
Men^^ (BLS, Bui. 1001, 1950) were applied to the numbers of engineers, chemists, 
and other natural scientists in different age groups, as reported in the 1950 
Census of Population. One of the major problems in making estimates of the num- 
ber of engineering graduates who will be needed is the fact that, in addition to 
college graduates with degrees in engineering, significant numbers of persons will 
enter the profession without college degrees or with degrees in fields other than 
engineering. To compound the difficulty, one year after graduation, about 14% 
of the engineering graduates were employed in other fields, according to a sample 
study of the education and employment specialization of 1951 college graduates. 

Projections prepared by the Office of Education indicate that degrees awarded 
in all fields will increase more than 80% between 1959 and 1969, assuming that the 
necessary educational facilities and faculty are available and demand :Ls sustained. 
There is evidence from many sources indicating that a very large percentage of 
persons receiving bachelor's and master's degrees in science do not enter civilian 



— ^Tables of Working Life for Men , U. S. Department of Labor, Bureau of 
Labor Statistics, Washington; U. S. Government Printing Office (1950). 
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employment in their fields of scholastic specialization. According to the National 
Science Foundation follow-up study of 1951 college graduates three-fourths of 
the new graduates with bachelor's degrees and three-fifthr^ of those with master s 
degrees in science did not obtain work in one of the sciences in the year in 
which they received their degrees. The analysis excluded new graduates entering 
the Armed Forces and those receiving bachelor's degrees; and entering graduate 
school in science were considered as new entrants in the field of science. The 
exact figure used to represent the proportion of all science graduates entering 
scientific work has a very great effect on the possible conclusion. Thus» if the 
proportion of nev/ graduates with degrees in science who do mt enter scientific 
employment should be 80%» rather than the 70% used in th'A analysis* then the 
supply of new science graduates per year would have to increase considerably to 
meet the projected requirements. 

By way of evaluating the analysis* one of the chief advantages of these 
comprehensive projections is that they were built up by aggregating separately 
derived projections for all major segments of the civilian economy. The special 
studies of the chemical and electrical equipment industries illustrate that im- 
provements upon the overall projections are possible through a more detailed an- 
alysis of particular industries. Altogether* the information obtained from 
employers* which was supplemented by other evidence* appeared to represent a rea- 
sonable basis for assessing and modifying the initial projections of future 
scientific and technical employment in the two industries. The statistics on 
scientific and engineering employment in colleges and universities* State govern- 
ments* and* above all* local governments* were either inadequate* or available 
only in rough preliminary form when this study was conducted. 

The projections of total employment by industry for 1970 were prepared by 
BLS as part of a comprehensive study of the country's manpower needs £nd resources 
in Manpower Needs and Resources of the United States 1960 - 1975 > Part j[» Summary jof 
p-in<i-inprg and Implications (unpublished report of the Bureau of Labor Statistics). 
The population projections which were used were the Series III projections pub- 
lished in Current Population Reports . Series P-25 » No, 187* U. S. Department of 
Commerce* Bureau of the Census. Projections for the labor force were made by 



^^^National Science Foundation* Education aad Em ployment Specials zat ion ijn 
1952 o| June 1951 College Graduates . Washington: U. S. Government Printing 
Office (1954). 
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multiplying the population projections for each age and sex group by an estimated 
labor force participation rate for that group, projected by a study of past trends 
in labor force participation rates and consideration of such factors as school 
attendance, presence of young children in the home, and recent patterns of retire- 
ment. A thorough discussion of the techniques and analysis used in estimating 
labor force participation rates and the growth of the labor force is included in 
BLS Bulletin 1242 (1959) Population and Labor Force Pro lections for the United 
States , 1960 ^ 1975 . GNP projections were based on projections of gross product 
for each of three broad segments of the economy -- agriculture, government, and 
the private sector outside of agriculture. In making estimates of employment in 
individual industries, a first approximation was made, based on past relationships 
of that industry’s activity to the total level of economic activity. Then analy- 
sis was done by means of regression techniques. The first approximation which was 
obtained from this procedure x^as examined in the light of additional employment 
projections for many individual industries, made separately by analyzing the 
factors affecting employment in the industry. 



95/ 

Sugg2^" 

It is feasible to project manpower requirements by extrapolating past trends 

in a highly developed industrial economy undergoing no radical change in the 

96/ 

structure of society or political orientation.”” However, in a developing econo- 
my, in many cases, data from other countries can be more useful than data for 
the subject country. For example, this would be true in developing occupational 



requirements for projected industry levels x<jhere the industry does not yet exist 
in its projected form. Also, where the existing industry in the developing nation 
is small, its occupational structure may be quite different from the industry at 



its projected level. 

Sugg of the Bureau of Labor Statistics developed a handbook on the forecast- 
ing of manpox^er requirements with emphasis on under-developed areas, but the same 
technique could be applied to any area for which data is skimpy. The method in- 
volves five steps. (1) Derive a rough first approximation of the future 



^ ^The Forecasting of Manpower Requirements . op. cit . 
•^A^olfbein, op. cit . , p. 28. 
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employment structure by economic activity. (2) ^Eake a detailed analysis o£ each 
important economic activity, arriving at an estimate of future employment. 

(3) Modify the first approximations of future employment in accordance with the 
results of ;:he detailed analysis of each important activityo (4) Derive an 
occupational breakdown of employment of each economic activity in the future 
period. Sum the estimates of each occupation from the various economic activi" 
ties. (5) Estimate training requirements for each important occupation. These 
steps are described in more detail below. 

(1) Derive a rough first approximation of the future employment structure 
by economic activity. This approximation will be consistent with the anticipated 
increase in the labor force. Unemployment will probably be assumed at 4% of the 
labor force. If no historical data is available, make an assumption of propor- 
tionality. This is the assumption that employment in every division will have 
the same percentage increase as total employment. At this stage, no detailed 
study of each component of the industry is made. If data for ten or more years 
are available, it is possible to estimate the future employment in each industry 
division by correlation analysis (that is, by reference to past correlations 
between nonagricultural employment and employment in each division, and by pro- 
jecting this relationship into the future). It may actually be known that cer- 
tain dynamic changes are likely to affect future employment in specific activities 
in a manner significantly different from past experience. Therefore, the analyst 
may find it necessary to modify the estimates on a judgment basis. 

(2) Make a detailed analysis of each important economic activity, arriving 
at an estimate of future employment. Take into account anticipated changes in 
the demand for its products or services, hours worked, and productivity. As a 
contrast to the "traditional sector" of peasant agriculture, handicrafts and 
small-scale industry, and the financial transport, distribution and other services 
associated with these activities, the modern sector is characterized by high 
capital-labor ratios, capital accumulation, technological progress, relatively 
high productivity per man-hour, and provision of wage-earning employment. Infor- 
mation about construction plans may be obtained from planning agencies of the 
government, offices which issue building permits, employer associations, and 
finance agencies. Certain industries can be studied in relation to population 
growth (food and beverages, clothing and footwear, shelter, education and medical 
care, and electricity, gas, water, and sanitary services). Information and in- 
sight into problems can be obtained through personal interviews with people in 
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industry, government, trade associations, and labor unions. Four types of infor- 
mation for each activity to be analyzed should be assembled: (a) a description of 

the economic activity, as currently constituted; (b) a descriptive and statistical 
historical backgroun*, showing trends in employment, hours, earnings, production, 
output per worker, technological progress, occupations, and exports; (c) the 
nature of the demand for the product or service; and (d) factors which may affect 
the future growth or decline of the industry. Published data may be found in the 
censuses; labor statistics bulletins; statistical publications on national income, 
foreign trade, and financial statistics; trade journals, directories, and publica- 



tions; financial and other reports of industries; daily newspapers; news magazines 
and publications of trade associations, labor unions, chambers of commerce, and 
professional societies. The analytical document prepared for each economic acti- 
vity to be analyzed should have two parts: (a) arriving at judgments on the level 

of productivity (output per man-hour) at the forecast data, and the hours of work 
at the forecast data; and (b) utilizing these judgments to derive the estimated 
employment level at the forecast data. In estimating the change in productivity 
during the forecast period, the question is, how much will employment increase in 

order to produce the new production level? Productivity is defined as 

Production 



Sn-hours”^ * Output per man-hour. Therefore, man-hour 



* Man-hours 



Total man-hpurs . Number of workers. Conceptually, in utilizing this 





Mhn-hours per worker 

basic structure, computation of the estimate of future employment can be made in a 
clear-cut manner; but, in practice, this procedure is complicated, difficult, and 

hazardous because of the uncertainties involved. 

(3) The first approximations of future employment will be modified in accord- 
ance with the results of the detailed analysis of each important activity. This 
is done by fitting the conclusions of the analysis of important industries into 
the whole, and verifying the results by an analysis of gross domestic product. 

"When gross domestic product per person employed is known for each economic acti- 
vity for the base year, an estimate of that product for the future year may be 

derived, consistent with the assumptions which have been incorporated into the pre- 

97/ 

ceding projections.'* 



■^^The Forecasting of Manpower Requirements » op » db . , p. 45. 
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(4) An occupational breakdown of employment in each economic activity in 
the future period will be derived. This will be done applying the best available 
occupational composition patterns to the previously derived estimates of employ- 
ment in each industry or each economic activity. Then the estimates of each occu- 
pation from the various economic activities will be summed. Particular attention 
should be given to all occupations requiring specialized training or education. 

One analytical technique is to study the occupational composition of plants which 
have the most up-to-date technology. This is done because, over a period of years, 
other plants in the industry probably will introduce the new equipment or produc- 
tion methods. There are a few occupations for which the demand is directly re- 
lated to a factor which can be projected independently. 

(5) Estimate training requirements for each Important activity. This is 
done by an analysis of the expected supply of qualified workers, in comparison 
with the requirements as indicated by the occupational estimates for the future 
period. There are five steps in the analysis, (a) Determine the current number 
of qualified workers in each occupational category. This consists of those who 
are currently employed in the occupation plus those persons who are qualified for, 
and capable of working in, the occupation, but who are not so engaged, (b) Deduct 
outflows, due to deaths, retirements, transfers to other occupations, and emigra- 
tion. The death and retirement rates shown by Wolfbein in Tab J^e s of HSEMSS ilfS. 
for »ton. Tables of Working Life for Women ,— ^ and Length £f Working Life.— “n 
be used, (c) Add inflows. Estimate the number of entrants to the occupation, 
from sources such as college courses, vocational courses, apprenticeship programs, 
on-the-job trainins and upgrading of skills, transfers from other occupations, and 

itnmigration. 
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Harms* '""" 

Harms is developing a model for projecting industry and occupational employ- 
ment in five areas (two standard metropolitan statistical areas and three counties) 



Sa/seymour L. Wolfbein, Length of Working jLife, (Paper presented before the 
Fourth International Gerontological Congress, Merano, Italy, July 195/;^ 

ififi^To Develop a Model or Models for Projecting Employment ^ Indust r y , and 
^ Occupation for Counties . Labor Market Areas . or SIBA' s Together With 
Appropriate Data , o£- cit . 
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which differ as to resources, industries, and markets, to 1965, 1970, 1975, and 
1980. His procedure involves analyzing historical data for trends, projecting the 
basic trends, and then engaging in a further analysis in order to gain an under” 
standing of the forces which produced the trends and thereby obtaining a judgment 
about the likelihood of the persistence of those trends. These judgments can then 
be given weights which would produce modifications of the trends if projected into 
the future. The analysis of the data has for its basis the economic theories 
relevant to the data, primarily, in this case, employment theory. 

His method involves 14 steps. (1) Show employment by industry and occupa- 
tion, annually from 1950 to 1963, for 12 industry categories. The 12 industry 
categories are the fol lowing 

Category 1 — Primary resource extractors producing for the nonfinal market, 
including 

Agriculture 

Forestry and fisheries 

Mining 

Logging 

Category 2 — First stage resource users producing for the nonfinal market, 
including 

Sawmills, planing mills, and millwork 
Structural clay products 

Miscellaneous nonmetallic mineral and stone products 
Grain mill products 

Dyeing and finishing textiles, except knit goods 
Petroleum refining 

Category 3 — First stage resource users producing for the final market, 
including 

Meat products 
Dairy products 

Canning and preserving fruits, vegetables, and seafoods 
Confectionery and related products 
Beverage industries 

Miscellaneous food preparations and kindred products 
Not specified food industries 
Tobacco manufactures 



■^^^Adapted by Harms from Duncan, Otis and Associates, Metropolis and Region, 
Baltimore: The Johns Hopkins Press (1961), pp. 200-209. 
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Category 4 — Second stage resource user, producing for the nonfinal market, 
including 

Miscellaneous v/ood products 

Blast furnaces* steel works, and rolling mills 

Other primary iron and steel industries 

Cement, and concrete, gypsum, and plaster products 

Yarn, thread, and fabric mills 

Miscellaneous textile mill products 

Synthetic fibers 

Faints, varnishes, and related products 
Miscellaneous chemicals and allied products 
Pulp, paper, and paperboard mills 
Miscellaneous petroleum and coal products 

CategQCT 5 — Second stage resource users producing for the final market, 

including 

Furniture and fixtures 
Bakery products 
Knitting mills 

Carpets, rugs, and other floor coverings 
Apparel and other fabricated textile products 

Category 6 — Resources of indirect significance producing for the nonfxnal 

market, including 

Primary ronferrous industries 

Fabricated metal industries (incl. not specified met 1; 

Machinery, except electrical 

Electrical machinery, equipment, and supplies 

Motor vehicles and motor vehicle equipment 

Ship and boat building and repairing 

Railroad and miscellaneous transportation equipment 

Glass and glass products 

Pottery and related products 

Professional equipment and supplies 

Photographic equipment and supplies 

Printing, publishing, and allied industries 

Drugs and medicines 

Paperboard containers and boxes 

Miscellaneous paper and pulp products 

Rubber products 

Leather: tanned, curried, and finished 

Not specified manufacturing industries 

r.gtggorv 7 -- Resources of indirect significance producing for the final 

market, including 

Aircraft and parts . 

Watches, clocks, and clockwork operated devices 
Miscellaneous manufacturing industries 
Footwear, except rubber 
Leather products, except footwear 
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Category 8 — Local service industries, including 

Street railxmys and bus lines 

Taxicab service 

Telephone (x^ire and radio) 

Electric light and pox^er, and electric-gas utilities 

Gas and steam supply systems 

Uater supply 

Sanitary services 

Retail trade 

Real estate (including real estate- ins urance-lax^y offices) 

Accounting, auditing and bookkeeping services 

Miscellaneous business services 

Repair services 

Private households 

Other personal services 

Theaters and motion pictures 

Boxfling alleys, billiard and pool parlors 

Medical and other health services, except hospitals 

Welfare and religious services 

Nonprofit membership organizations 

Legal services 

Engineering and architectural services 

Postal service 

Local public administration 

Category 9 — Nonlocal service industries, including 

Railroads and railxfay express service 
Trucking service and xfarehousing 
Water transportation 
Air transportation 
Petroleum and gasoline pipe lines 
Services incidental to transportation 
Telegraph (xfire and radio) 

Other and not specified utilities 

Wholesale trade 

Banking and credit agencies 

Security and commodity brokerage, and investment companies 
Advertising 

Hotels and lodging places 

Radio broadcasting and television 

Miscellaneous professional and related services 

Federal public administration 

State public administration 

Category 10 -- Service industries xfhich may be local or nonlocal. Including 
Insurance 

Miscellaneous entertainment and recreation services 
Hospitals 

Edu. rational services, government 
Educational services, private 
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Category 11 — Construction 
Construction 

Category 12 -- Industry not reported 
Industry not reported 

Census of population data for 1950 and 1960 will be used. Annual data for indus- 
tries from the Bureau of Employment Security and other sources will be interpo- 
lated between census dates and extrapolated to 1963. Annual data for occupations 
will be interpolated on the basis of annual total county employment and national 
survey occupation data. The data will be adjusted (a) for classification changes 
between the two census years, (b) to fit the 1957 standard industrial classifica- 
tion, (c) to be all for MArch of each year, and (d) for undere numeration of each 
year. (2) Identify key industries. This is done by calculating the locational 
quotients of each of the 12 industry categories, and will show whether industry 
employment is tied to a local resource or local demand or state, regional, or 
national markets. The key local industries are determined by computing percentage 
distributions. See Table 3. (3) Compute the weights of local, state, regional, 

and national factors in local area employment at various dates, in order to note 
changes in the relative importance of industries. (4) Identify key employment 
categories according to relative importance locally, regionally, and nationally, 
from Table 3. (5) Examine the factors of the key- industry categories which are 

associated with their relative importance. For the resource-oriented industries, 
the factors will be dependence on local or nonlocal resources, factors affecting 
availability of resources (cost, quantity, quality, technology), and demand for 
resources (whether population-determined or income-determined competing products). 
For the secondary (processing and manufacturing) industries, the factors will be 
demand (whether local or non-local, population-determined or income -determined, 
competing products) and cost factors (cost, quantity available, and quality of 
materials and changing technology). For the service industries, the factors will 
be demand (population-oriented or industry-oriented) and supply of labor and other 
skills. (6) Project mechanically key-industry employment trends, based on the 
assumption that the forces at work producing the trends will continue to produce 
the trends in the future. (7) Identify relationships from Step 5 and develop 
projective combinations. If an industry’s demand comes from the national market, 
the proportion may be projected if there is a national projection, which is likely. 
An output index may be used. For some industries, per capita income or population 
are the appropriate measures. If a service industry is consistently related to a 
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TABLE 3 

basis for selecting key industries percentage distributions 

AND LOCATIONAL QUOTIENTS 



(Area) 



(Date) 



Percent of Employed 
Labor Force 



Locational 

Quotient 



lustry 

be^orv^A 


U. S. 

m 


1 


7.7 


2 


mm 


3 


2.8 


4 


4.7 


5 


3.5 


6 


16.1 


7 


mm 


8 


20.8 


9 


22.5 


10 


12.0 


11 


^ 9 


12 


4.8 




Col. (2) i Col. (1) 

: 3 ! 



Difference Between 
U. S. and Area 
Col. (1) - Col. (2) 
+ rsi - 



columns (1). (2) U. S. Census of Population: 1960. 1950 and annual estimates. 

1950 - 1963 

^Based on table in Appendix. 

^'^Each industry of employment can next be identified as to whether its 

^ 1. the area itself 

a. inputs come from^ 2. the surrounding region 

b. outputs go to ^ 2 . the state or nation 



source: Research Proposal by Louis T. Harms to th;: Office of Manpower. 

Automation, and Training. 
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national industry, this relationship may be projected, or an output index may be 
used. If an industry is increasing its output per man-hour, the proj^cte& 
employment trend will be weighted by anticipated changes in a productivity index. 

If the resource or other industry upon which the area's economy was based has 
given out, a desired level of employment may be projected, weighted by some other 
substituted distribution than the projected trend. The substituted distribution 
xj'ould be the one planned for by the community. (8) Identify factors tending to 
maintain or change relationships projected in Step 7, which will change the 
weights given to the projections. Set up a table, showing for each year, the 
changing weights in the long-term projection of ain industry's employment. A pro- 
jected employment trend can be modified by a projected labor-saving trend. The 
labor-saving weights can be offset by a projected shortening of hours and by in- 
creases in the demand for the output of the firm. Set up a paradigm which is 
intended to show how projected trends might be modified by increasing productivity, 
shorteni n g hours and changes in demand. (9) As current data become available, -he 
projections will be modified because of changing weights, such as market demand 
changes, productivity changes, political changes, and program changes. (10) Make 
short-term projections by a detailed analysis of an area's employment based on 
the table of locational quotients. A comparison of an area's industry employment 
with that of the state and nation can show the degree to which the industry is 
dependent upon local or wider markets for its employment. For example, an analy- 
sis was made of an hypothetical labor Market Area employment in the apparel 
industry which showed a specialization ratio of 0.317, indicating dependence on 
outside markets for that portion of the employment and on local markets of 0.683 
of its annual employment. These constants were then applied to monthly employment 
data for a three-year period and a multiplier of 1.97 computed. If the non-local 
employment were projected, the local portion could be estimated with this multi- 
plier and the total employment projected on this basis for the shorter period. 

(11) Isolate trends of employment by occupation. This will be done on the basis 
of annual estimates, which in turn are based on decennial census occupational 
data, 1950 and 1960 and the national monthly surveys, together with the industry 
by occupation matrices where available for standard metropolitan statistical 
areas. For non-SMSA data, refined state matrices may be developed as the bases 
for determining the trends of employment of occupations. (12) Project trends of 
employment by occupation for areas in the detail available, on the assumption 
that historical factors will continue to produce revealed trends. (13) Compute 
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th© percentage of each occupation in each industry. The trend of these percentages 
will then be used as weights to compute the projected occupations in each industry 
for 1965, 1970, 1975, and 1980. (14) If the analysis of the factors affecting the 

emplo 3 nonent by industry shows that future trends in occupational employment are 
likely to change, the projections will be weighted accordingly. 

The study is an involved one. For example, in order to accomplish the first 
two steps, the following 27 tasks must be performed: 

1. U. S. employment by industry — 1950 Census. 

2. Multiply each by 103% for 1950 under enumeration. 

3. U. So employment by industry — 1960 census. 

4. Census classification changes, 1950-1960. 

5. SIC classification changes 1957. 

6. Put the figures in the Otis categories. 

a 

7. Adjust SIC BES classification to Census. 

8. Trend ratio for each industry, 1950-1960. 

9. BES employment by industry each April, 1950-1964. 

10. Put the figures in the Otis categories, after SIC adjustment and adjust- 
ment to Census classifications. 

11. Adjust to Census levels for 1950 and 1960 and trend ratio. 

12. Run percentages of each Otis category of total emplo 3 rment. 

13. SMA employment by industry -- 1950 Census. 

14. Adjust Colorado Department of Employment (CDE) figures . (1951) (SIC), to 
Census classification (1950). 

15. Fabricate figures fo?: Boulder County 1950 by breaking out detailed 
industries by CDE portions of industry groups in Boulder County for 1951 
and applying these to Census groupings for Boulder County 1950. 

16. Add Boulder County (fabricated) to SMA (Census) for Census 1950 SMSA. 

17. SMSA employment by industry -- 1960 Census. 

18. Classification changes Census, 1950-1960. 

19. Put in Otis categories. 

20. Trend ratio from 1950 to 1960. 

21. CDE employment by industry each April, 1950-1964. 

22. Adjust for SIC changes — 1957. 

23. Adjust to Census classifications. 

24. Put in Otis categories. 

25. Adjust to Census 1950 and 1960 and trend ratio. 

26. Run percentages of each Otis category of total employment. 

27. U. S. Otis categories divided by SMSA Otis categories each year. 



[ 
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Arrington 

By examining statistical data in the decennial census reports, Arrington 
answers fundamental questions relating to the economic life of the American West 
and the relation of that region to the East. He makes no attempt to project, but 
supplies an historical insight into economic relationships as a basis for making 
judgments concerning the future when statistical techniques for projection are 
not yet well enough developed to make accurate projections. 

In his monograph, Arrington reveals the export- import relations of the vari- 
ous states in the Mountain West with each other and with the East. A tentative 
attempt to apply this method to one state had already been made. 

In The C hanging Structure of the Mountain West,— Arrington presents statis- 
tical tables on (1) the industrial structure of the Mountain West (number and 
per cent of those occupied), (2) the leading export occupations and industries in 
the Mountain States from 1850 to 1950, and (3) the per cent employed in export 
industries in the Mountain States from 1850 to 1950. The concept of a basic 
industry is best set forth in the collection of articles by Richard B. Andrews 
in Land Economics . XXIX-XXXII (1953-1956); and in Ralph W. Pfouts, ed.. The 
Techniques of Urban Economic Analysis (1960).*^^^ Basic industries must provide 
a means of support not derived from other industries in the area and, thereby, are 
industries which produce for export. North maintains that the determinants of the 
timing and pace of an economy’s development are ”(1) the success of its export 
sector, and (2) the characteristics of the export industry and the disposition of 
the income received from the export sector.'^- — Arrington contends that this 
goes too far; for where areas have drawn settlers for reasons other than the 
profit motive, there may develop a self-sufficing agricultural society where 
agriculture, as the basic industry, does not produce for export. He points to the 
recent growth of Arizona, New Mexico, Florida and California as stemming from 
climate-seeking nex7 residents. 
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Op . cit , 
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p. 9. 
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Ibid. 



■^^^^Douglass North, The Economic Growth of the United States, 1790 ° ° 1 8 6 0, 
Englewood Cliffs, N. J.: Prentice-Hall (1961), p. 1, as quoted in Arrington, 

^ P* 11. 
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However, export **bcise industries usually cause investment and inducement of 
economic growth. The export- intensity of an industry can be measured by calculat- 
ing a location-quotient. This is done by dividing the per cent engaged in a ceir- 
tain industry in a given area by the per cent engaged in that industry in the 
nation as a whole. A location-quotient of 1.0 or over tends to indicate an export 
industry, whereas less than 1.0 probably produces on an import basi^ or is a 
service industry. The principal export-base industries of the Mountain West have 
been mining, stockraising, transportation, and Federal enterprises, including 
military. 

Assuming that the size of the export quotient is a measure of the degree to 
which a given industry is on an export basis, the per cent of persons employed in 
the export Industry can be calculated by reversing the export quotient. The rela- 
tionship of the total export employment to the total number of employed persons in 
the area shows the per cent employed for export in each area for the year. 

Arrington noted three historical patterns of Western economic life — the 
pastoral Spanish ranchos, the self-sufficing Mormons, and the later highly- 
specialized, exploitative economies of Colorado, Nevada, Idaho, Montana, Arizona, 
and Wyoming. As a consequence, Colorado and five other states made the most 

noticeable contribution to the emerging capitalism of the nation, featuring the 

1 106 / 
colonialistic economy. 

Four qualitative changes have occurred in the Mountain West since 1940. The 
climate and beauty of the region have made tourism a major industry. Mining and 
agriculture have become less important than previously. Manufacturing has in- 
creased tremendously and is now significant in the Mountain West for the first 
time, although it is still proportionately far loss important for the Mountain 
West than for the United States as a whole. The Mountain West has traditionally 
received a larger portion of defense outlays of the Federal government than its 
population proportion. 

Arrington anticipates that these t ’'ds will continue, with expansion of 
tourism, manufacturing, and the military industries, and further contraction of 
mining and agriculture. 

The historical method projects the present trends, unless there is some 
good reason to believe that the trends will not continue. This would anticipate 
projecting the long historical trend of total employment and employment by sector. 

•^^^Arrington, o£. cit. , pp. 19-21. 
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Halaas. Plank. Zubrow 

Halaas, Plank, Zubrow, and others, in 1958, constituted a tax study group 
which prepared a report on financing government in Colorado for the Governor of 
Colorado. Part of this report consisted of a description of the economy of 
Colorado and recent developments and future outlook of its principal industries. 

The study indicated some of the causal forces of expansion and contraction in the 
various industry categories. 

The report considered the migration, density, geographical distribution, 
age pattern, and educational level of the population; total personal income, per 
capita income, per capita income by counties, and stability of total income; em- 
ployment trends; Industrial specialization and basic industries; recent develop- 
ments and future outlook of the principal industries; industrial progress and the 
question of water; and reviewed some population, employment and income projec- 
tions. 

In regard to employment trends, a study was made of population and employment 
relationships, population and employment growth in Colorado compared with the 
United States, sources of new employment 1940-1950, sources of new employment 
1950-1956, and the industrial pattern of employment. 

A detailed view was given of the particular industries in which Colorado has 
tended to specialize and presumably is most capable of attracting, as well as 
those which are relatively underdeveloped in the state. An index of local spe- 
cialization was calculated, indicating the importance of an industry to the na- 
tion. The index was derived by dividing the ratio of a local industry's employ- 
ment to the total employment in the locality by the comparable ratio for the 

industry as a whole on a nation-wide basis. 

Basic employment V 7 as calculated by determining the number of workers in a 
local industry in excess of the area's pro rata share of national employment in 
that industry. An excess oi: workers is presumed to measure its "export" signifi- 
cance and its relative importance as a "basic industry." In utilizing this method 
of determining an industry's export quotient, the authors caution. 

It should be noted that a greater than pro rata share of industry em- 
ployment could, in part at least, be attributed to an unusually heavy local 
per capita consumption of a particular industrial product. Moreover, low 
productivity of local labor could also be a contributing factor. Accordingly, ^ 



■^^Fiiiancing Government in Colorado . o£. cit . 
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some discretion is called for in the i 
employment analysis in any given case. 




and application of basic 



The industries analyzed included agriculture, mining (including petroleum, 
oil shale, uranium, molybdenum, and coal), manufacturing, wholesale trade, retail 
trade, selected services, tourist trade, and government. 

The report discusses two studies of future population trends in Colorado, 
the Bureau of the Census projections of Colorado’s population by five-year inter- 
vals from 1955 to 1970 and Peterson's projections of the population of Colorado, 
the western slope, the eastern slope, and the Denver Metropolitan Area to 1970."~~ 
The Study Group estimated Colorado's total employment in 1970. Welles estimated 
per capita personal income in Colorado in 1970. 

Denver Research Institute’ ^^^ 

In 1963, the Denver Research Institute of the University of Denver completed 
an economic analysis of the forces influencing the development of Colorado, and a 
1970 forecast of economic activity in Colorado. The report contained an economic 
history of Colorado; an analysis of the industries of Colorado; 1970 projections 
of Colorado employment by industry, population, and income; and its methodology of 
analysis and projections contained an evaluation of employment data and a construc- 
tion of a historical employment series from 1870 to 1940 and a derivation of cur- 
rent employment series from 1950 to 1962. The economic history of Colorado 
focused attention on the nature of the economy today and on the \?hy and how of its 
development. The primary purpose of the study of the economic history of Colorado 
was to provide an understanding of Colorado's present economy by identifying and 
describing the long-run economic forces which have influenced the state. The 
analysis dealt xi/ith three major economic factors -- population, employment, and 
income. It divided Colorado's history into three eras: mining (1880-1900), 

agriculture (1900-1940), and defense (1940-1960). It began the analysis by defin- 
ing "per capita personal income," "labor participation rate," "labor participation 
rate adjustment," "actual per capita earning power," "industry contribution to 
actual earning power," and "basic income." 




^^^ Ibid . . p. 62. 



■^^^Mhhar, Coddington, and Gilmore, o£. cit . 
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In the section on the era of mining, attention was focused on the direct 
economic effects of this industry. It also provided some dramatic examples of 
the importance of institutional and political actions on the economic development 
of the state. The report described the types of mining in Colorado; technological 
innovations in mining; the impact of mining on transportation, services, agricul- 
ture, and the food processing industries; the significance of manufacturing; popu- 
lation; per capita income comparisons between Colorado and the United States; a 
comparison of the industrial sources of income as between Colorado and the United 
States; and the possibility of the development of an oil shale industry in 

Colorado. \ 

In the section on the era of agriculture, the report analyzed the dominant 
role of agriculture, the decrease in the importance of mining, the orientation of 
manufacturing toward food processing, the "other" industries, and the continued 
increase of population. 

In the era of defe.ise section, the report described the economic effects of 
World War II on the Colorado economy, the post-World War II period, the restimula- 
tion of the Korean War with its special effects on the mining industry, the 
effects of tht Cold War, and the indirect effects of defense spending. The con- 
tinuation of the re source -orientation of manufacturing, the increased output but 
stable employment of mining, the years of prosperity but declining employment in 
agriculture, the increase in importance of all other industries, and the substan- 
tial increase in per capita income were described. 

The second part of the report developed 1970 forecasts of employment in the 
different economic sectors, and 1970 estimates of population and income which ster 
from the employment forecasts. The detailed study of economic growth relied main- 
ly on employm(int data, in the belief that examination of the causes of changes in 
employment, industry-by- industry, provides the most helpful clues as to the causes 
of economic changes. Furthermore, employment data are available on more compre- 
hensive and consistent bases than output data, which were assembled only for 
selected industries. By building up industry-by- industry forecasts of employment, 
total employment estimates were derived which, in turn, provided the bases for 
population and income projections. 

In the industry-by- industry analysis, the major emphasis was placed on the 
five major basic Colorado industries -- agriculture, mining, manufacturing, govern- 
ment, and tourism. The historical development of mining and agriculture was 
treated in considerable detail in the first part of the report. In the description 
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of the era of defense, the manufacturing industry and Federal government expendi- 
tures were extensively described. While the available data on tourism is incom 
plete, efforts were made in the analysis to relate tourism to the trade and ser- 
vices sectors. 

The analysis did not include major discontinuities, such as developments of 
the magnitude of the location of the Martin Company Titan Missile facility in the 
Denver area, since they are almost entirely unpredictable and therefore outside 
the realm of a formal forecast. The forecast of employment assumed that there 
xfould be minor recessions but no major depression between 1962 and 1970, and no 
major war, but continued defense and space expenditures at slightly increasing 
levels. The basic forecast assumed 1970 Gross National Product of $787. < billion 
in 1960 prices. This figure was taken from the "Judgment Model" constructed by 
the National Planning Association. 

Where data were available, efforts first were made to predict the output in 
dollar terms of an individual industry, and then to predict the output per man- 
hour in this same industry. By dividing forecasts of output by forecasts of out- 
put per man-hour, it was then possible to estimate future employment. 

However, in most cases, it was necessary to make direct emplo 3 nnent estimates 
based on analysis and knowledge of industry trends in output and output per work- 
er. Direct employment estimates were made in mining, manufacturing, transporta- 
tion, communications and utilities, and in government. 

In those industries (finance, insurance and real estate, services, wholesale 
and retail trade, and construction) x^hich are largely dependent on the basic 
industries, the basic elements of each (10% of total in most cases) were identi- 
fied, and employment in this portion of each industry x^as estimated using the 
direct method just described. A ratio approach xjas used for the remainder of each 
industry, which compares the ratio of past employment of each industry to total 
Colorado employment, and then projections of this ratio to 1970 were made. Trends 
for the United States were also considered in estimating the proportion of employ- 
ment in each industry. 

Throughout the forecasting process, opinions and viexjpoints of qualified 
consultants and observers in specific industries were obtained. This information 
was particularly helpful in agriculture, mining, selected manufacturing indus- 
tries, construction, transportation, communication, public utilities, and tourism. 
A range of employment estimates was presented in most of the industries analyzed 
and projected into the future. 
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In projecting Colorado's 1970 agricultural employment, DRI first projected 
the outputs of major commodity groups, (such as livestock, wheat and other grains, 
and sugar beets) to 1970 in dollar terms, using 1960 prices. These projections 
were based on (1) a combination of the opinions of experts in the field of agri- 
culture, and (2) a comparison of forecasts of U. S. production (when available) in 
a specific commodity and the output in that same commodity in Colorado. By 
analyzing past trends, the ratio of Colorado output in the commodity to U. S. pro- 
duction was projected to 1970. 

The second step i^as to estimate the dollar output per worker expected by 
1970. Then employment was estimated by dividing the total estimated output by the 

estimate of output per worker. 

Four projections were made for cattle and calves. Projection No. 1 was based 
on the U. S. Department of Agriculture's projections on cattle and calves for the 
entire U. S. Colorado's projected cattle and calves on farms was obtained by us- 
ing the ratio of Colorado to U. S. cattle and calves and the U. S. projected 

amounts of 1970. A 25% increase was projected. 

Projection No. 2 was based on an extension of the past trend for Colorado of 
live weight of cattle and calves sold, and also indicated a 25% increase. 

Projection No. 3 was based on information received from agricultural consul- 
tants and others intimately familiar with the cattle and calf situation in 
Colorado, especially one large Colorado feedlot producer and one of the largest 
meat packing companies in the Denver area. The latter two firms projected a 25% 
increase in Colorado marketings of cattle and calves by 1970. This projection 

checked very closely with Projections 1 and 2. 

Projection No. 4 was also based on the opinion of knowledgeable persons in 
the cattle and calf industry, but their projections of the dollar value of cattle 
and calf marketings of 1970 were 8% below the other three projections, mainly 
because of a possible increase in the price of feed grain. 

For sheep and lambs also, the judgment of informed individuals was relied on 
in making a forecast of this industry's Colorado production. A five per cent 

decline for 1960-70 was unanimously forecasted. 

A projection of wheat marketings was made, but the method was not given. 

The projection of sales of dairy milk products was based on Colorado's 
expected growth in population, and the trend in per capita milk consumption. 

Sugar beet production was expected to increase at about the same rate as the 
national population increases. Also, past trends of production were projected 



114 



into the future. The former statement is interesting, since 44% of the U. S. 
market is reserved for foreign countries. 

The method of projection for other agricultural commodities (potatoes, 
vegetables, feed grains, hogs, and hay) was not given. 

For v:he agricultural employment estimates (1970 output divided by output per 
worker), it is necessary to project output per worker. This was done, pessimisti- 
cally for employment, by continuing the past rising trend. It was projected, 
optimistically insofar as employment is concerned, by leveling off the past trend. 

The discussion of the mining industry was based upon a report prepared by 
Frush.*^^^ In projecting mining employment, the changing composition of employ- 
ment in the mining industry over the past few years was noted. In considering 
these changes, the important developments during the past decade were noted. In 
making the projections, anticipated institutional and natural forces, (such as 
laws requiring automobile exhaust purifiers, termination of government contracts, 
growth of the local construction industry, technological improvements, *the 
increased use of strip mining in coal, anticipated activation of new oil wells, 
increasing difficulty of further efficiency in the use of manpower in the petro- 
leum industry, natural resource resewes, possibility of foreign competition, 
etc.) were considered. The exact method of projection was not given in the DRI 
report. 

In projecting manufacturing employment, the increase in output expected by 
firms and the continued improvements in output per man-hour were taken into con- 
sideration. A rather detailed analysis of major manufacturing industries in 
Colorado was made. Industries were grouped in such a way as to preclude divulging 
employment figures of certain large manufacturers. The grouping V7as also dictated 
by the limitations of Bureau of Labor Statistics data, which groups industries 
according to the standard industrial classifications suggested by the Bureau of the 
Budget. 

It appears that much of the analysis of meat packing was based upon the 
opinions of the head of one major meat packing firm. The factors he apparently 
considered were the anticipated increase of local markets, availability of raw 
material, and replacement of the relatively old plants with more modern and effi- 
cient facilities. 

—^Charles 0. Frush, "Colorado Mining History and Mining Expectations,” pre- 
pared for the Industrial Economic Division of the University of Denver Reseat In- 
stitute, September 1962, as cited in Mahar, Coddington, and Giimore, p, 84. 
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The projection of employment in the dairy products industry was based upon 
anticipated population growth and per capita consumption of dairy products. 

The basis of the forecasts of employment in bakery products, beverages, 
canned and frozen foods, sugar, and all others is not clear; except that such 
factors as the recent construction of new facilities, continuation of past trends, 
opinions of representatives of major firms, the decline of employment in the agri- 
cultural industry, the anticipated growth of Colorado and regional markets, and 
improved production techniques were considered. 

In making the forecasts of employment in textiles and apparel, the method 
is not clear; except that the following factors were considered: the anticipated 

pool of relatively low cost, adept, female workers; economical transportation to 
the major markets, excess productive capacity in the industry, foreign competi- 
tion; and the tendency to taka advantage of the western location by specializing 
in western-type products. 

In anticipating employment in furniture and wood products, anticipated popu- 
lation increase in Colorado and the Mountain States was considered. 

Factors which will influence employment in paper, printing and publishing are 
population increase, technological change, and possible construction of facilities 
to produce paper products. 

For chemicals and allied products, consideration was given to the growth of 
the chemical industry nationally and Colorado's favorable location for the manu- 
facture of drugs and other high value per pound chemical products. 

The projections of employment in rubber, plastic, leather, and related prod- 
ucts were based largely on the intentions of the two dominant firms in the state. 
The Gates Rubber Company and Shwayder Brothers, Inc., and the anticipated rate of 
technological change in the industries. 

Major factors affecting future employment levels in the construction sector 
of stone, clay and glass include construction activity, availability of raw 
materials^ competition from other building materials, improvements in present 
product lines, and new production techniques. Construction activity depends upon 
growth of local markets for its growth. 

The Colorado Fuel and Iron Corporation with its integrated plant in Pueblo 
dominates the primary metals industry in Colorado. DRI's projection of employ- 
ment in primary metals was based upon consideration of anticipated technological 
change, new products, foreign competition, and expansion of regional markets. 
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Anticipated employment in the defense-oriented, high value products (fabri- 
cated metal products, machinery, electrical machinery, transportation equipment, 
and ordnance and accessories) was based upon an analysis of the relationship of 
value per pound, civilian versus government market orientation, knowledge gained 
from contact with the major Colorado firms in these five industries, the near 
future market for defense and aerospace products, the success of the Martin- 
(^rietta Corporation in attracting new contracts, the limitation by Martin-Marietta 
plant capacity elsewhere, its policy on Colorado employment levels, the physical 
limitations on the size of objects or space vehicle airframes which can be com- 
pletely fabricated in MArtin’s Littleton plant and transported to prospective 
launching sites, and controls on nuclear arms production. 

The projection of employment in other manufacturing (instruments and related 
products, petroleum refining and related products, and miscellaneous manufactur- 
ing industries) was based upon the continued ratio which ernplojmient in these 
industries bore to total manufacturing employment in past years. 

Three major methods were tried for estimating construction employment: 

(1) Forecasting value of construction, divided by per man-hour output to arrive 
at total employment, (2) trending construction employment, and (3) continuing the 
ratio of construction employment as a percentage of total employment in Colorado. 

It was decided that, because of the limited availability of data, the last 
approach was the most realistic and workable. Little assumed that construction 
employment in the eleven Wesfcern states will remain at about the same proportion 
of total emplo 3 nrent as it was in 1960. This seemed to be conservative, con- 
sidering the upward U. S. trend, and the relatively sapid growth predicted for 
the eleven Western states. The higher th:? rate of population growth in a state, 
the more important construction emplo 3 raient ^'^ends to be in relation to total em- 
ployment. Factors of importance should be the construction of the Interstate 

« 

Highway program and the Frying Pan-Arkansas Project, continued activity in the 
commercial and residential construction field, generated by overall economic 
growth forces. 

The major factors influencing the forecast of employment in the transporta- 
tion, communications and utilities industry were evidence that the railroads may 



■^=^^Arthur D. Little, Inc. , Future Economic Growth in the West and Prospects 
for Elail Freight, prepared for Atchison, Topeka and Santa Fe Railway Co., Boston: 
A. D. Little, Inc. (1961), as cited in Mahar, Coddington, and Gilmore, p. 82. 
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increase their share of the markets, the expansion of "piggy backing,'* the growth 
of the West, the trends toward lowering of rates, the interstate highway program, 
the increased amount of cargo to be hauled, the increase in passenger and air 
cargo traffic, increases in population, the need for increasing transportation 
systems for the urban mass, technological change, competition from other carriers, 
the precarious financial position of many local owners of interstate carriers, 
the transfer from Colorado of administrative facilities of United and Continental 
airlines, integration of the railroads with other types of carriers, the forecasts 
of the dominant companies in the industries making up this group of industries, 
and the vertical penetration of markets via new product and service offerings. 

In projecting employment in finance, insurance, and real estate, the degree 
of basicness of these industries \7as analyzed. This was done in two ways: (1) A 
questionnaire concerning trade area and sales outside of Colorado was sent to many 
of Colorado's larger financial institutions and insurance companies. (2) An 
analysis of the size of firm was carried out. Then the projection was based upon 
Colorado's expected growth, and its position as a regional financial and insurance 
center. 

In projecting employment in wholesale and retail trade in Colorado, a ques- 
tionnaire was sent to 160 firms in the wholesale trade industry, asking the firms 
to describe their primary trade area and to indicate what portion of their busi- 
ness was carried out in Colorado. An analysis was made of the individual items 
contained in the general category of retail trade to indicate in which ones 
tourism had a significant impact. In forecasting retail and wholesale trade in 
Colorado, employment was divided into two parts, each of which was treated separ- 
ately. The first part consisted of the surplus persons who may be accounted for 
by tourism and by wholesale trade outside Colorado. This employment was con- 
sidered basic and independent of general employment levels in Colorado. The 
remainder of the wholesale and retail trade category was forecasted using a ratio 
approach, estimating the portion of Colorado employment that will be in the non- 
basic wholesale and retail trade in 1970. 

In estimating employment in the basic sectors of trade, trends in tourism 
and travel were discussed. These indicators were changes in tourism which were 
based on payments for admission, licenses, and other accounting records; visitors 
from out-of-state found in the Traffic Volume Studies of the Colorado Highway 
Department; and the count of visitors to Colorado's National Parks. The Outdoor 
Recreation Resources Review Commission's estimate of the nation-wide demand for 
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outdoor recreation facilities was used. The U. S. Forest Service has made esti- 
mates of the effect of this demand on its Colorado facilities, and on other 
facilities located on its Colorado land. This was done partially by making esti- 
mates of future visits. In making predictions concerning tourism, one would have 
to estimate the facilities that would be available, the development of transporta- 
tion routes to these facilities, and the amount and effectiveness of promotion. 

The population and total income increase of Wyoming, Colorado, and New 
Mexico (a common trade area served by many Colorado firms) was estimated by 
Little On the basis of the favorable expectations for both the tourist indus- 
try and for Colorado's distribution firms serving out-of-state areas, DRI esti- 
mated the increase in the so-called surplus jobs in wholesale and retail trade. 

It was assumed that Colorado trade employment will follow the national pat- 
tern, and estimated that employment in the non-basic portion of trade will in- 
crease in importance by one-half of one per cent of total employment. They then 
combined the basic and non-basic portions in making their projection of total em- 
ployment in wholesale and retail trade. 

Three studies prepared for the Resources and Community Development Division 
of the Colorado Department of Employment by the Denver Research Institute showed 
that Colorado is a favorable location for research and development laboratories, 
medical research activities, and administrative headquarters and regional 
offices.—^ DRI appears to have projected past trends in Colorado for their em- 
ployment projections in the service industry as their optimistic projection, and 
to have taken the Stanford Research Institute prediction of a leveling off of the 
ratio of Colorado employment in services to U. S. employment in services as their 
conservative prediction. 

In projecting employment in government, no forecast was attempted for the 
number of military personnel stationed in Colorado. It was assumed that Federal 
employment would continue to increase at the trend of recent years. A straight-line 



•^^Denver Research Institute, An Analysis of Colorado ^ a Location for 
Industry (a series prepared for the Colorado Department of Emplo^ent) (1959-196^^, 
Projections of Employment In Metropolitan Denver ^ 1980 and 2000 (prepared for 
the Board of Water Commissioners, City and County of Denver) (1958); and Econg m a x 
Significance of a Shale Oil Industry in Northwestern Colorado (prepared for the 
Committee on Oil Shale Development) (1957 )» Denver: Denver Research Institute. 
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extrapolation of State employment apparently was used. Employment projections 
in local government was based upon anticipated growth in school enrollment and 
apparently a straight-line extrapolation of growth in employment in municipal 
and county government and service areas. The projection of school enrollment 
was based upon the population of children of parents presently living in Colo- 
rado and a continuation of the recent in-migration trend. 

Employment projections in "other" employment (all none lass if iable employ- 
ment) v;as made on the basis of the continuation of the trend of the ratio of this 
type of employment to total employment, ss its optimistic prediction; and a con- 
tinuation of the present ratio as its pessimistic prediction. 

In making the total Colorado employment projections to 1970, the individual 
forecasts were drawn together. In the opinion of the Research Director of the 
National Planning Association, employment and population tend to be underestimated 
in economic studies of individual states. The NPA approach is to make first an 
estimate of economic activity in the United States, and then allocate it state 
by state. Little states that nothing is foreseen in the near future which will 
replace the aerospace industries in stimulating the growth of the Western United 
States. His assumptions concerning the U. S. economy are very similar to those 

used by the Denver Research Institute. 

The Denver Research Institute made conservative, optimistic, and most prob- 
able estimates. The most probable estimate represented their opinion of where 

Colorado employment is most likely to be in 1970. 

Ifajor reliance was placed upon employment data as the primary measure of 
economic activity. Employment estimates, along with estimates of the labor par 
ticipation rate, provided the basis for the population estimates. Other methods 
for estimating population are the Cohort Survival Method, trend projections, and 
the use of ratios. The Cohort Survival Method gives detailed consideration to 
birth, death, and migration rates and is used by the Bureau of the Census in 
making its estimates. These methods do not take advantage of the detailed eco- 
nomic data developed in the DRI analysis and were used only as background checks. 

The labor participation rate in 1970 in Colorado and the United States was 
assumed to decline due to continuation of the downward trend in proportion to the 
percentage of people in the age group 16-64. "Labor participation rate" meant 
the percentage of the population actually employed rather than the percentage 
that the labor force was of population. 
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It was assumed that the trend toward a greater concentration of the popula- 
tion in urban and metropolitan areas would continue. 

Colorado income projections were mde by (1) estimating 1970 income per 
employee in 1960 prices for each industry, (2) multiplying the most probable num' 
ber of employees times income per employee, and (3) adjusting from industrial 
sources of income to total personal income. Future income levels in each industry 
were estimated by the Denver Research Institute, income levels per worker were 
estimated; and total personal income in Colorado was calculated. 

In accomplishing the study, the many sources of employment information were 
evaluated, and then the combination was selected which was the most useful. An 
historical employment seriec from 1870 to 1940 was constructed. Perloff*s data 
was used for total employment, agriculture, and mining. Census reports, without 
adjustment, were used for data for construction, transportation, and industries 
other than manufacturing for 1930 and 1940. An employment series, based upon 
establishment data, was constructed for manufacturing which would give a breakdown 
of activity within manufacturing. This was done by going through the original 
Census reports, making the Easterlin corrections, and then labeling each type of 
activity in accordance with the present Standard Industrial Classification 
system."^^^ 
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Easterlin developed a technique for adjusting the data in the decennial 
Census of Manufactures for Census-to-Census consistency. His corrections of manu- 
facturing data are of three general types. "The first corrects for the inclusion 
in manufacturing in the 1880' s of such activities as carpentry, masonry, painting, 
paper hanging, plastering, stucco work, and other types of construction work. 
Easterlin suggested removing these activities from manufacturing in order to make 
the manufacturing series consistent with today's definition. 

"Easterlin's second correction deals with the fact that, in the 1880' s and 
earlier, much manufacturing was done in the home in the form of handicrafts. An 
effort was made as early as 1849 to exclude small handicrafts by omitting from 
the Census any firm which produced $500 or less in value each year. In 1919 the 
minimum was raised to $5,000. This step eliminated many bakeries, blacksmith 
shops, boots and shows (custom and repair shops) and clothing repair shops, as well 
as many handicraft operations. During this period, the Census made an effort to 
limit its counts to what it called 'factories.' By its definition, 'The essential 
difference between factories and neighborhood establishments seems to be that the 
products of factories are distributed beyond the narrow limits of the communities 
in which they are located, while the products of neighborhood establishments are 
consumed by local patrons.' This is termed 'nroduction for the general market.' 
This concept, combined with the minimum dollar limit, excluded many previously 
counted firms. 

"The third Easterlin correction relates to industries covered intermittently 
during the period 1870 to 1940. This included auto repairing, railroad car 



According to DRI, there are five groups which presently report employment 
data for the State of Colorado: (1) Colorado Department of Employment, (2) County 

Business Patterns, (3) U. S. Bureau of Labor Statistics, (4) U. S. Bureau of the 
Census, and (5) U. S. Census of Agriculture. The Denver Research Institute de- 
rived its current employment series from the following sources: 

The total employment figures for 1950 and 1960 are the same as those reported 
'n the 1950 Census of Population and the 1960 Census of Population. For agricul- 
ture, for 1950 and 1960, the figures reported in the 1950 Census of Population and 
the 1960 Census of Population were used. The Colorado Department of Employment 
records of seasonal employment were used for certain of the projections that re- 
quired data on part-time agricultural employment. For the intervening years, 
1951-1959, and for 1961 and 1962, the Colorado Department of Employment constructed 
an agricultural employment series for Colorado. 

DRI utilized an Agricultural Ifarketing Service publication which presents 
data on the fluctuations of farm employment in Colorado. It felt that the AMS 
series was useful to show fluctuations and by tying them to the bench r rk years 
of 1950 and 1960, it was possible for the Department of Employment to construct an 
agricultural employment series for use in this study. 

For mining, the 1950 and 1960 data came from the 1950 Census of Population 
and the 1960 Census of Population. For the intervening years, BLS data was used 
as indicators of fluctuation. The years 1950 and 1960 served as a bench mark for 
the intervening years and the BLS employment information served as the basis for 
calculations from 1951-1959 and 1961-1962. Ratios were used to adjust BLS data 
for use in the DRI employment series. 

The manufacturing series consisted of BLS data entirely. Construction 
was treated the same way thaf mining was. Transportation and communications and 
public utilities were treated the same as manufacturing. Wholesale and retail 
trade and finance, insurance, and real estate were treated the same as mining; and 
government, the same as manufacturing. In services, the 1950 and 1960 data were 
obtained by a residual technique. It was figured by subtracting from the BLS 
total employment figure all employment in the other industries c The data for the 



maintenance, illuminating and heating gas, motion pictures, and others." Quoted 
from Mahar, Coddington, and Gilmore, o£. cit. , p. 169. See also Everett S. Lee, 
et al . , Population Redistribution and Economic Growth in the United States . 1870 
1950 . Philadelphia; The American Philosophical Society (1957). 
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intervening years vas calculated by the same technique as used for mining. The 
1950 and 1960 "other" nonclassification employment figures were taken directly 
from the 1950 Census of Population "other" employment and the I960 Census of Popu- 
lation "other" employment. For the intervening years, the same technique was used 
for mining . 
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Public Service Company of Colorado" — 

TEic Public Service Company of Colorado has published an undated pamphlet in 
which it summarizes the work of the Denver Research Institute, and then proceeds 
to suggest an historical approach which cuts across the conventional Standard 
Industrial Classification groupings. 

The pamphlet reviews the reasons for the three population surges in Colorado, 
the search for precious metals from 1850 to 1900, the homesteaders from 1900 to 
1940, and the post-World War II immigration. It contends that population growth 
in Colorado historically has been related to emplo 3 mient opportunities. After 
listing Colorado's basic industries (mining, manufacturing, agriculture. Federal 
government, and tourism), it describes briefly the historical growth or decline of 
each industrial group, giving projections for the future. 

Then, contending that the conventional or standard approach does not clearly 
expose some underlying factors important to the future of the state, it suggests 
that several factors of the Colorado economy which cut across the conventional 
industrial groupings show particularly happy prospects for the future. These 
factors are Colorado's scientific community, the state's position as an economic 
hub, and the underlying importance of natural resources. 
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An Analysis of Colorado's Economy With Projections to 1970 . op . cit . 




APPENDIX I-b 



DATA AVAIIABLE FOR mKING EMPLOYMENT PROJECTIONS IN THE DENVER SMSA 

EMPLOYMENT-BY- INDUSTRY DATA 

The loaiii sources of employmeut-by- industry data for the Denver Standard 
Metropolitan Statistical area are the data from the Bureau of Labor Statistics, 
the Bureau of the Census ^ the Colorado Department of Employment, and the Social 
Security Administration. 

Bureau of Labor Statistics 

Employment-by- industry data available from the Bureau of Labor Statistics 
for the Denver Standard Metropolitan Statistical Area can be found in the BLS 
publications showing employment, hours and earnings in those industries the 
establishments of which report their payroll data monthly to the Bureau of Labor 
Statistics. 

The Bureau of Labor Statistics data are supplied by employers, voluntarily, 
to the State agencies cooperating with the Bureau of Labor Statistics. In its 
reports, the designation "all employees" means all full-time and part-time 
employees on the payrolls of operating establishments who work or receive pay 
for any part of the pay period ending nearest the fifteenth of the month speci- 
fied in the report form. However, the data exclade domestic servants, firm 
members, members of the armed forces, proprietors, self-employed persons, unpaid 
family workers, and employment in agricultural, forestry, and fisheries. 

No statistics were published for "total" nonagricultural employment (keep- 
ing the above exclusions in mind) for the Denver area before 1954. All data 
published by the Bureau of Labor Statistics before 1958 for the Denver area were 
for the Denver Standard Metropolitan Area rather than for the Denver Stan- 

dard Metropolitan Statistical Area (SMSA). The Denver Standard Metropolitan 
Area (SMU) Included four counties — Adams, Arapahoe, Denver, and Jefferson. 

Data for the City of Denver are the same as for the County of Denver since they 
constitute the same geographical entity. The Denver Standard Metropolitan 
Statistical Area is the Bureau of the Budget geographical designation for 
statistical purposes which came into being on January 1, 1958. On that date. 
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Boulder County was added to the Denver area and the official designation changed 
from the Denver Standard Metropolitan Area (SM^) to the Denver Standard Metro- 
politan Statistical Area (SMSA) . 

The first data published for the SM^l by the Bureau of Labor Statistics was 
for 1949 in Employment s Hours , and Earnings ! State and Area Data, Volume jC, 

Area Employment , 1950 This publication shows SM& employment, monthly and 
an annual average, for 1949 for six nonagricultural sectors. 

Employment , Hours and Earnings ; State and Area Data « 1947-51, shows Denver 
SMA employment (excluding proprietors, firm members $ self-employed, domestic 
servants, members of the Armed Forces, and unpaid family workers) for six non- 
agricultural sectors for 1949, 1950, and 1951. Current state and area statis- 
tics were published monthly by state agencies and were summarized by the Bureau 

of Labor Statistics in its monthly reports "Emplcymcnt and Payrolls,” and "Hours 

2 / 

and Earning s.'*- 

The monthly "Employment and Earnings" releases of the Denver Office of the 

3 1 

Bureau of Labor Statistics have been current since 1949.- These releases did 
not include employment for government and non-profit organizations in 1949 or 
1950, nor for government in 1951, 1952, or 1953. Therefore, no figure is 
available for total (with the usual exceptions) nonagricultural employment even 
for the SM before 1954. With these exceptions, employment was shown for forty 
sectors or subsectors for the Denver Standard Metropolitan Area (SMA) for the 
years 1949-1957. A new series was started in 1958, which included Boulder 
County and which had some different sector designations than the previous 
series. They show monthly SMSA data and annual averages for total nonagricul- 
tural employment (with the usual exclusions) in 53 nonagricultural employment 
categories. The releases also include monthly data on average weekly earnings, 
average hours worked per week, and average hourly earnings for twelve industries. 



- ^Employment , Hours , and Earnings ; State and Area Data, Volume I, Area 
Employment , 1950 , U. S. Department of Labor, Bureau of Labor Statistics, Wash- 
ington; U. S. Government Printing Office (1950). 

— ^Employment . Hours and Earnings ; State and Data , 19^-^, U. S. 

Department of Labor, Bureau of Labor Statistics, Washington: U. S. Government 
Printing Office (1952). 

— ^U. S« Department of Labor, Bureau of Labor Statistics, Denver. 



125 



Employment and Earnings is a raontlily, current publication showing area 
data on employment by major industry division, and hours and earnings and labor 
turnover for manufacturing The first data available are for January 1950, 
shown in the January 1951 number. The number of categories included has varied 
from six to nine, and there has not always been a continuous series of any par- 
ticular category published. In May 1954, the publication included the Employ - 

5/ 

ment and Payrolls Monthly Statistical Report series.”* The January 1951 issue 
started with six categories — mining, construction, manufacturing, transporta- 
tion, trade, and finance. The coverage included "service" in the 1954 issue; 
and in the November 1954 issue "government" and "total" figures were added. 

E mployment and Earnings Statistics for States and Areas 1939-1963 shows 
Denver SMSA employment (excluding proprietors, self-employed, domestic sery^ants, 
members of the Armed Forces, unpaid family workers, and employment in agricul- 
ture, forestry, and fisheries) for 42 nonagricultural sectors, generally from 

6 / 

1958.”" It also shows average weekly earnings, average weekly hours, and ave- 
rage hourly earnings for production or nonsupervisory workers for eleven sectors 
generally from 1958, but in some cases from 1951 or 1953. "Month- to-month 
changes in employment shoym by the reporting establishments in each industry 
are used to carry forward a total for the industry estimated for a single month 
each year — a 'benchmark. ' Each year the industry employment series for states 
and areas are adjusted to more recent benchmarks."”^ The data are based upon 
the 1957 Standard Industrial Classification. 

Bureau of the Census 

The Bureau of the Census in the United States Department of Commerce pub- 
llsh^°” the most detailed employment statistics for the Denver Metropolitan 

” ^Emplovment and Earnings . U, S. Department of Labor, Bureau of Labor Sta- 
tistics, Washington; U. S. Government Printing Office (continuing series), 

3 / 

— Employment and Payrolls Monthly Statistical Report . U, S. Department of 
Labor, Bureau of Labor Statistics, Washington: U. S. Government Printing Office. 

6 / 

Employment and Earnings Statistics for States and Areas 1939-1963 . U.» S, 
Department of Labor, Bureau of Labor Statistics, Washington: U. S. Government 
Printing Office (1964) . 



”^Ibid. , p. V. 
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Statistical Area or the geographical entities which comprise it« The following 
publications are available: Annual Survey of^ Manufactures « Census of Agricul- 

ture > Census of Business . Census of Manufactures . Census of Mineral Industries . 

8 / 

and Census of Population ."" 

The following secondary sources take their information in whole or in part 

from the publications of the Bureau of the Census : Congressional District Data 

Book . County and City Data Book . Historical Statistics of the United States . 

9 / 

and Statistical Abstract of the United States ." In addition^^ unpublished data 
are available, usually at considerable expense, from all of the primary sources, 
as well as the Census of Governments . Civil Service Commission reports, and the 
M onthly Report on the L abor Force.*^^ The Census of Governments contains employ- 
ment figures of Federal, state and local government, but on a state-wide basis, 
making them difficult to use for SMSA analysis. The Civil Service Commission 
publishes each December the number of people employed in the classified civil 
service in each state. The Monthly Report on the Labor Force each month con- 
tains employment and related data on a national basis. 

Of the primary sources, the Census of Population provides household data; 
all the others provide establishment data. Household data means that the infor- 
mation was obtained from the place the person lived, rather than where he worked, 
and is reported on that basis.. Employment data gathered in this manner, there- 
fore, measure the number of persons employed; whereas establishment data, being 
gathered from employers, measure the number of jobs. 

This has several important implications. In a particular area at ai^ time, 
there may be more jobs in establishment data than persons employed in household 



8 / 

~ Annual Survey of Manufactures ; Census of Agriculture ; Census of Business 
Census of Manufactures ; Census of Mineral Industries ; Census of Population . U. 
Department of Commerce, Burreau of the Census, Washington: U. S. Government Print- 
ing Office. 

9 / 

— Congressional District Data Book ; County and City Data Book ; Historical 
Statistics of the United States: Statistical Abstract of the United States. 

U. S. Department of Commerce, Bureau of the Census, Washington: U. S. Government 
Printing Office. 

~ ^Census of Governments . U. S. Department of Commerce, Bureau of the Census, 
and Monthly Report on the Labor Force . U» S. Department of Labor, Bureau of 
Labor Statistics, Washington: U. S. Government Printing Office (continuing 
series) » 
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data. Conversely, there may be fewer jobs in establishment data than persons 
employed in household data. There can be more jobs than persons if a consider- 
able number of persons hold more than ©ne job. There can be more persons 
employed in household data than jobs in establishment data if a considerable 
number of people are temporarily not workii^ due to industrial disputes, a 
slack season, self-imposed vacations, etc. These persons are counted as 
employed in the Census of Population data, but not in the data which are 
reported by establishment. Also, a person who lives in Boulder County and 
works in Denver County is included in the statistics for Boulder County in 
Census of Population data but in the statistics for Denver County in establish- 
ment data. This difference between the two sources of data has even greater 
significance if a person lives in the SMSA, but works outside the SMSA, or 
vice versa. In household data, persons who are employed by government, but 
working in manufacturing or service, are included in the data in the industrial 
category in which they are workings In establishment data, they are not includ- 
ed in the industrial sector, but are included in a category called "Government." 

The Annual Survey of Manufactures is a supplement to the Census o^ 
factures and in one or the other of the 1956, 1957, 1960, and 1963 editions can 
be found employ, ^ent data for the Denver SMSA for from six to eight manufactur- 
ing sectors for the years 1947 and 1954-1962. Data are published for number 
of employees, number of production workers, and man hours of production workers. 
The data are collected from all manufacturing establishments in census years 
and published in the Census of Manufactures . Data are collected from a proba- 
bility sample of manufacturing establishments in the inter-censal years and 
published in the Annual Survey . Annual employment averages are based on employ- 
ment of production workers during the pay period ending nearest the fifteenth 
of March, May, August and November, and mid-March employment for "all other 
employees." "All employees" are defined as all full-time and part-time 
employees on the payrolls of manufacturing establishments who work or receive 
pay for any part of the mid-month pay period. However, the summary does not 
include establishments employing fewer than 100 persons. 

The Census of Agriculture in recent years has been taken in Colorado as of 
January 1, 1945; April 1, 1950; October 1954; and November 1959. It shows the 
number of farm operators and hired workers by county. Censuses of agriculture 
have been taken since 1840, and in mid-decimal years since 1925. 
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The Census of Business is made up of three volumes, one on retail trade, 
one on wholesale trade, and one on selected services. The volume on retail 
trade gives data on the number of establishments, sales, payroll, employment, 
and number of proprietors of unincorporated businesses for the standard metro- 
politan statistical area by 95 kinds of businesses^ and for counties by varied 
kind-of -business detail. The volume on wholessi^e trade gives data on the number 
of establishments, sales, payroll, employment and number of proprietors of 
unincorporated businesses for the standard metropolitan statistical area for 58 
kinds of business, and various business detail for counties. The volume on 
selected services gives data for selected services for the standard metropoli- 
tan statistical area and for counties. The Census of Business shows the number 
of paid employees during the work week ended nearest November 15, as well as 
the number of active proprietors of unincorporated businesses for SIC 4-digit 
sectors in retail and wholesale trade and selected services. It has shown this 
information for counties in 1948, 1954, and 1958; for the Denver SMAl in 1945 
and 1954; and for the Denver SMSA in 1958. The retail sales figure** differ 
from the Colorado Department of Revenue figures because the state collects sales 
tax on lodging, professional services^ public utility services, farm and garden 
supplies, and manufacturing, trading, and jobbing. 

The 1958 Census of Business showed for 2-, 3-, and 4-digit industries for 
the SNSA in 121 categories the total number of establishments, the number of 
establishments with payroll, totiil sales, the payroll for the entire year, the 
payroll for the work week ended nearest November 15, the number of paid employ- 
ees during the work week ended nearest November 15, and the number of active 
proprietors of unincorporated businesses. 

The 1954 Census of Business showed employment data for 2- , 3- , and 4-digit 
industries in 95 categories for the Denver SNA and 42 categories for Boulder 
County, the county that was not included in the SNA in 1954, but was included in 
the SNSA in 1958. 

The 1948 Census of Business showed retail trade data in 100 categories for 
the and 30 categories for Boulder County, wholesale trade data in 100 cate- 
gorie^ for the SNA and one category for Boulder County, selected services data 
in 100 categories for the SNA. and seven categories for Boulder County. 

The Census of Manufactures shows the number of employees, value added by 
manufacture, and other data for 59 Industry groups in 2- and 3-digit oetail, 
except that industry groups reporting less than 100 employees are omitted from 
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the 3-digit lines, and some figures are withheld to avoid disclosing fi.gures 
for individual companies. Detail is given for the SMSA for 1947, 1954, and 
1958; for the SMA for 1954; and for counties for 1939 and 1947. 

The Census of Mineral Industries , covering all establishments primarily 
engaged in mining, provides data on the number of employees, value added in 
mining, payrolls, man hours of production and development workers, and other 
data for counties for 1958 and some data for the counties of the SMSA for 1954. 
The categories among the counties in 1954 are not comparable. For example, 
employment is shown for Adams County for oil and gas extraction and nonmetallic 
minerals mining; but for Arapahoe County for mineral industries only. Federal, 
state, and local government production in minerals are excluded. 

The Census of Population is the dominant source of employment data, being 
the only source which covers all (except those under 14 years of age and some 
part-time workers) employed persons in the population, and is the source provid- 
ing more data in depth (industrial classification detail) than any other source. 

The Census of Population has been published decennially since 1790. In 
recent years, employment by industry has been shown for each county in varying 
amounts of detail for 1930, 1940, 1950, and 1960. The detail for Denver County 
is greater than the other counties. SMA data were shown in great detail in 
the 1950 census, and SMSA data were shown in great detail in the 1960 census. 

In the census enumeration, each person is counted as an inhabitant of his 
usual place of residence, which generally means where he sleeps most of the 
time. College students are considered residents of the communities in which 
they reside while attending college. This is a changd from the 1940 census 
when they were considered temporarily away from their parental home. 

In the 1950 and 1960 censuses, although April 1 was the official date of 
the censuses, most (91%) of the population was enumerated during the first half 
of April. Hence the report of employment activity may be as of the last week 
in March for some, as of the second week in April for others, and as of any 
week starting with Sunday and ending with Saturday, between March 24 and April 
15 for still others. In the 1940 census, the data refer to a fixed week (March 
24-30), called the "census week," regardless of the date of enumeration. 

In the census, "employed persons" refers to civilian employment, and means 
all civilians 14 years old and over who during the census week were either at 
work , which means "those who did any work for pay or profit, or worked without 
pay for 15 hours or more on a family farm or in a family business;" or w^ a 
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job but not at work , which means "those who did not work and were not looking 

for worlit but had a job or business from which they were temporarily absent 

because of vacation, illness, industrial dispute," or some other temporary 
11 / 

reason. — 

The industrial classification system of the 1950 Census of Population 
consists of 13 major industry groups, disaggregated into 148 categories. The 
Census of Population industrial classification is not the same as the Standard 
Industrial Classification. The latter was designed for the classification of 
the industry reports from establishments. Perhaps the most significant differ* 
ence in the statistics reported under the two systems is allocation of govern- 
ment workers. The SIC relegates all government workers to a single major group, 
called "Government," while the Census of Population records in a category called 
"Public Administration" only those governmental workers who are performing 
uniquely governmental functions (the legislative and judicial activities and 
most of the activities of the escecutive agencies) . The rest of the government 
workers are placed by census in the specific industrial categories in which 
they are actually performing. 

The industrial classification system of the 1960 Census of Population con- 
sists of 13 major industry groups, disaggregated into 40 industry groups and 
150 categories. 

The industrial classification system which was used in 1940 was basically 
the same as in 1950. 

"Class of worker" information refers to the same job as does the occupa- 
tion and industry information. The class-of-worker classification consists of 
four categories — self-employed workers, government workers, private wage and 
salary workers, and unpaid family workers. The omission from the labor force 
of a large number of workers (mainly youth, women, and part-time workers), has 
probably resulted in some understatement in many of the occupational, industrial 
and class-of-worker figures. 

The data on the labor force for 1940, 1950, and 1960 are not exactly com- 
parable with the 1930 data. The n^imber of employed persons in the 1940, 1950, 
and 1960 censuses differ from the number of those "gainfully occupied" in the 



~^U. S. Census of Population ; 1960 . General Social and Economic Character - 
istics . Colorado . Final Report PC(1)7C, U. S. Department of Commerce, Bureau of 
the Census, Washington: U. S. Government Printing Office (1961), p. xix. 
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1920 and 1930 censuses. In 1920 and 1930, "gainful workers" were persons re- 
ported as having a gainful occupation — that is, an occupation in which they 
earned money or a money equivalent, or in which they assisted in the production 
of marketable goods regardless of whether they were employed currently or seek- 
ing employment in that occupation at the time of the census. A person could 
have worked at one time as an accountant, call himself an accountant, be work- 
ing as warehouse laborer or even be retired; but he would be enumerated as an 
accountant if he called himself an accountant. This is what is known as the 
"gainful worker" concept which is frequently mentioned, but rarely explained. 
Furthermore, in the 1930 census and before, all workers ten years old and over 
were included in the labor force. Since that time, only those 14 years old and 
over have been included. 

For the most part, the 1940, 1950, and 1960 censuses are comparable with 
one another, despite changes in schedule design and the interviewing techniques 
for the labor force questions. 

The occupational and industrial classification systems of the 1940 
and 1950 censuses are basically the same as those of 1960, although there are 
some differences between the 1940, 1950, and 1960 classification systems. 

Comparisons between census data and data from other sources should be 
made with caution for three main reasons. (1) Census of Population data are 
household data. Most other data are establishment data. Since Census of Popu- 
lation employment data are obtained by household interview, they differ from 
statistics based on reports from business establishments, farm enterprises, 
and certain governmental units. The data based on household interviews give 
information about the work status of the whole population without duplication. 

On the other hand, estimates based @n reports from business and farm establish- 
ments count more than once persons who worked for more than one establishment. 
Persons who had a job, but who were not presently working, are included with 
the employed in the statistics shown in the census, whereas mai^ of these 
persons are likely to be excluded from employment figures based on establish- 
ment payroll reports. Furthermore, because of the difference in the collection 
of establishment and household data, comparisons are difficult where a signifi- 
cant number of workers commute to or from other areas. (2) Comparability between 
the Census of Population statistics and those from other sources is frequently 
affected by the use of different classification systems. The Census of Popula- 
tion has its own classification system, whereas most other sources use the 
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Standard Industrial Classification system. (3) Estimates from other sources 
generally exclude private household workers, unpaid family workers, self- 
employed persons, and other groups of workers; and may include workers less 

than 14 years of age. 

The Current Population Survey, which has been conducted since 1940, covers 
a sample of 35,000 households throughout the nation. It provides only national 
estimates of the employment status of the population. Conducted by the Bureau 
of the Census, it provides monthly statistics on population, employment, and 
related subjects. Although the Current Population Survey is subject to greater 
sampling variability than the Census of Population, its interviewers are more 
professional and experienced than the Census of Population enumerators. In 
some small areas in the decennial census, the enumeration is conducted by an 
exceptionally small number (often only one or two) enumerators, who are usually 
temporary workers adding to the family income decennially. For this reason, 
many analysts have more faith in the validity of the Current Population Survey 
data than those from the census. The population data compiled from the Current 
Population Survey are analyzed by the Bureau of the Census and published in 
Current Population Reports ; the employment data are analyzed by the Bureau of 
Labor Statistics, and published in the Monthly Report on the La^ force, and, 

subsequently, in Employment and Earnings . 

The figures on the labor force in the Census of Population are not the same 
as those reported in Current Population Reports for the same month. The Current 
Population Survey of April 1950 showed six per cent more people in the civilian 
labor force than shown in the preliminary 1950 Census of Population report. 

After examination, it was estimated that the 1950 census figures of the popula- 
tion 14 years old and over should be increased by probably three per cent to be 
more in accord with reality. Of course, a specified percentage adjustment for 
the total national labor force cannot be applied to detailed industry categories 

in local area statistics without some misgiving. 

The steps taken in the collection and processing of data in the 1940, 1950, 
and 1960 censuses differed somewhat from each other. For example, the so-called 
"main activity" question of 1950, "What was this person doing most of last week 
— working, keeping house, or something else?" was not included in the 1960 

~^The Monthly Report on the Labor Force; Employment and Earnings, U. S. 
Department of Labor, Bureau of Labor Statistics, Washington; U. S. Government 
Printing Office (continuing series). 
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schedule. This was an initial screening question used in 1950 to facilitate 
asking additional questions on the employment status of the individual. 

In all parts of the United States a few days before the 1960 census date 
(April 1 ) 9 households received by mail a questionnaire entitled "Advance Census 
Report" (ACR) containing the questions which were to be answered by all persons 
and instructions for completing the form. In the densely- populated areas, of 
which the City and County of Denver was one, a second- stage enumeration proced- 
ure was used, on a 25 per cent sample basis, to supplement the information 
obtained from the enumeration of the total population. In these areas, when 
the enumerator called to collect the ACR, he left at every fourth household 
a questionnaire to be filled and mailed to the local census office. In the 
less- populated areas, the sample questions were asked by direct interview. 

The statistics based on this 25 per cent sample of the entire population were 
published in Chapters C and D of the 1960 Census report. Characteristics of 
the Population , and in some of the tract report tables. In addition, approxi- 
mately one- fifth of these cases were selected for the 5 per cent sample used 

in all the Volume II subject matter reports. 

In computing the 1960 census, the heavy reliance on electronic equipment 
has improved the quality of the editing of the census reports, but at the same 
time has introduced an element of difference between the 1960 statistics and 
those of earlier years. The partial substitution of self-eiaumeration in the 
1960 census for the traditional direct interview made it feasible to call 
the respondent’s attention more uniformly to some of the important inclusions 
and exclusions in the definitions, but even so it was not feasible to give the 
full instructions to the respondents and some of their errors have undoubtedly 
gone undetected. 

Both human and mechanical errors occasionally arise in one form or another 
in any mass statistical operation such as census j for example, information might 
be recorded in the wrong place, causing inconsistencies between codes on inter- 
related items. Although it is impossible to know the number of errors in the 
earlier censuses, much can be learned from editing the 1960 census. Elimina- 
tion of card-punching has remowdd one important source of error. 

Colorado Department of Employment 

The Colorado Department; of Employment data include only employment covered 
by the Colorado Unemployment Compensation Act and the Unemployment Compensation 
for Federal Employees program. The statistics for workers in private industry 
include employment of all corporation officials, executives, supervisory 
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personnel, clerical workers, wage earners, part-time workers, persons on paid 
vacations, and piece workers. Howev-r, they exclude the following: (1) domes- 

tics in private households, farm workers, proprietors, the self-employed, and 
unpaid family workers, (2) workers who earned no wages during the entire 
applicable pay period because of illness, strikes or work stoppages, temporary 
layoffs, or unpaid vacations, and (3) workers who earned wages during the month 
without earning avy during the applicable pay period. 

In the nation, this meant that the U. S. totals of State Department of 
Employment figures during Julyr Sept ember 1962 excluded approximately 30 million 
persons, including 2.1 million agricultural laborers; 2=6 million self-employed 
farmers and unpaid family workers; 6.2 million nonagricultural self-employed 
persons; 6.2 million state and local government workers; 6.4 million workers 
employed in private homes and by nonprofit religious, charitable, scientific, 
and educational organizations; 2.8 million members of the Armed Forces; 1.7 
million workers in small firms in states ^including Colorado) which do not 
cover establishments with fewer than four workers; and 0.9 million workers 
covered by the railroad unemployment insurance system. 

To help compensate for these exclusions, estimates of employment and wages 
for nonreporting private employers and Federal installations are made by the 
state departments of employment and included in each quarterly report to the 
U. S. Bureau of Employment Security. 

Employment data have been classified by industry since 1938. From 1938 
through 1941, the industry classification of the 1939 edition of the Social 
Security Board Industrial Classification Code was used.*^^ From 1942 through 
1946, the 1942 edition of the Social Security Board Industrial Classification 
Code was used.*^^ From 1947 through 1957, the 1942 edition of the Social 
Security Board Industrial Classification Code continued to be used for non- 
manufacturing industries, and the 1945 edition of the Standard Industrial 



Social Security Board Industrial Classification Code , Social Security 
Board, Washington: U. S. Government Printing Office (1939). 

‘^^Social Security Board Industrial Glassification Code , Social Security 
Board, Washington: U. S. Government Printing Office (1942). 
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Classification Manual was used for manufacturing industries Since January 

1958, the 1957 edition of the Standard Industrial Classification Manual has been 
used for all industries 

The unpublished data which can be obtained from the Colorado Department of 
Employment represent the largest universe of monthly employment and quarterly 
wage information by industry and by county available. According to the U. S. 

Bureau of Employment Security, by implication when it writes of its national 
data, the Colorado Department of Employment figures may be used to measure 
month- to-month trends, and in most cases to compare one industry with another, 
with assurance that such comparisons are valid. 

The data of the Colorado Department of Employment are available, in varying 
detail and for varying periods, in three forms. IBM cards show monthly employ- 
ment by establishments coded by 3-digit Industry (4-dlgit for manufacturing), 
quarterly wages by establishment, and new hires, by county for 1962 and 1963. 
l^lnt-outs show the number of employees, new hires, the number of employers, 
and quarterly payrolls for 2-digit industries from 1952 to 1957 and for 3-diglt 
industries from 1958 to 1962, by county. Its publication Labor Market High - 
lights shows foi the SMSA the total civilian work force, employment in 16 
categories, the number of unemployed, and the number involved in labor disputeaJ^^ 
Most of the figures for this monthly publication are nonagrlcultural wage and 
salary, and come from the Bureau of Labor Statistics. The number of agricul- 
tural workers is estimated and the number of "all other" employment is esti- 
mated by a formula dictated by the Bureau of Employment Security in Washington, 
based upon national changes in the "all other" category during the previous 
month. 
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— - Standard Industrial Classification Manual . Executive Office of the 
President, Bureau of the Budget, Washington: U. S. Government Printing Office 
(1945), as referred to in Employment and Wages . U. S. Department of Labor, 
Bureau of Employment Security, Washington: U. S. Government Printing Office 
(Third Quarter 1962), p. 88 « 

16/ 

—^'standard Industrial Classification Manual . Executive Office of the 
President, Bureau of the Budget, Washington: U. S. Government Printing Office 
(1945) . 

17/ 

—- Labor Market Highlights . Colorado Department of Employment, Denver: 
Colorado Department of Employment (continuing series). 
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County Business Patterns 

County Business Patterns^ ^ contains figures for the number of employees 
during the mid-March pay period, the January-March payrolls subject to the 
Social Security Tax (the Federal Insurance Contributions Act tax), the number 
of reporting units, and the number of reporting units by employment -size class, 
for approximately 70 2-digit SIC tedustries for the Denver Standard Metropolitan 
Statistical Area, and for 4-digit industries of varying numbers for the counties 
of the SMSA. The employment counts exclude farm workers, members of the Armed 
Forces, domestic workers, all Federal civilian employees not covered and most 
of those covered under a Federal retirement systeri, employees on ocean-borne 
vessels, railroad employment subject to the Railroad Retirement Act, self- 
empli^ed workers, and employees of state and local governments. 

The figures are derived from the reports by employers to the Social Security 
Administration for old-age, survivors, and disability insurance (OASDI). The 
data include all wage and salary employment of nonfarm industrial and commer- 
cial employers and nonprofit membership organizations (operated for the promo- 
tion of the interests of their members) covered by OASDI; and emplo3rment of 
religious, charitable, educational, and other nonprofit organizations which 
voluntarily participate in the old-age, survivors, and disability insurance 
program. 

A reporting unit is an establishment or a group of similar establishments 
operated by one employer. Taxable payrolls represent only the amount of taxable 
wages paid for covered employment during the quarter. 

The differences in employment coverage between the OASDI data and the 
Colorado Department of Employment data are due primarily to the exclusion of 
small firms from the Colorado unemployment compensation program, differences 
In methods of processing and adjusting the data, and differences in inclusion 
of Federal employment. The Colorado Department of Employment data include all 
Federal agencies having employees participating in the Unemployment Compensation 
for Federal Employees program (Title XV of the Social Security Act) , except the 
Central Intelligence Agency and tho National Security Agency. 



— ^County Business Patterns, U. S. Department of Commerce, Bureau of the 
Census, Washington; U. S. Government Printing Office. 
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In svumnary, payroll data ate available from the Bureau of labor Statistics, 
data from the Bureau of the Census, unemployment compensation data from 
the Colorado Department of Employment, and Social Security data from County 
Business Patterns . The Census of Population contains household data; all of 
the other publications containing employment statistics show establishment data. 
The Census of Population data cover the Urgest number of persons; all of the 
other publications exclude certain large groups of pe-sons. The Census 

has its own classification system; the others use the Standard 

Industrial Classification. 

In addition to the primary and secondary sources of employment data for 
the Denver Standard Metropolitan Statistical Area, described above, data are 
also avaiUble from the Denver Planning Office and from a study made by Robert 
Vaughan, mimeographed in two pieces, Denver Metropolit an teea: Econo^ and 
Social Profile and Denver Metropolitan Araa ; Jobs and the Future ^. — Most of 
the data in these two publications are secondary in that Vaughan has gone 
the 1950 and 1960 censuses of population and extracted social and 
economic data relevant to the Denver SMSA. In addition to the Census of Popu- 
Ution data, Vaughan has projected employment by industry and by occupation to 

1970, as described above. 



F.MPT,QYMENr-BY-QCCUPATION DATA 

Employment-by-oceupation data are available from the Census of Population, 
the Denver Area Skill Survey, and the Denver Occupational Wage Surveys. In 
addition, unpublished data might be obtained from the Bureau of the Census, the 
Bureau of Labor Statistics, the Civil Service Commission, Federal regulatory 
agencies, the Department of Health. Education and Welfare, local and state 
licensure agencies, and local and state professional societies. 

of Population 

The Census of Population is the only comprehensive source of occupational 
employment d^ta. 



—^Robert Vaughan, Denver Metropolitan Economic and Socia l ^ofll e; 

and Denver Metropolitan Area ; ^ and tl|£ Future, Denver: Mountain States 
Telephone Company (1962). 
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The occupational classification system of the 1950 Census of Population 
consists of 469 items, 270 of which are specific occupation categories. The 
remainder are subgroupings of 13 of the occupations, mainly on the basis of 
industry-affiliation. 

The occupational classification system of the 1960 Census of Populati on 
consists of 479 items, 297 of which are specific occupational categories. The 
remainder are subgroupings of 13 of the occupations, mainly on the basis of 
industry-affiliation. 

It should be noted that, in the Census of Population classification sys- 
tems, the industry category "agriculture" is somewhat more inclusive than the 
total of the two major occupation groups, "farmers and farm managers" and "farm 
laborers and foremen," since it includes other occupations such as accountants, 

natural scientists, designers and draftsmen, etc. 

The occupational classification of the Census of Population Is generally 
the same as the system provided in the U. S. Bureau of Employment Security's 
Dictionary of Occupational Titles .—^ used in the operation of the public 
employment service and by the military in its classification of civilian occu- 
pations. For many years, however, the U. S. Bureau of Employment Security and 
the Bureau of the Census have been trying to synthesize the two classification 
systems. The Bureau of Employment Security has released the new Dictionary 

of Occupational Titles . 

Employment by detailed occupation Is shown for the SMA in 1950 and for 
the SNSA in I960. Employment by occupational group (for example, professional, 
technical i and kindred workers) is shown for Boulder County for 1950 and 1960. 
Employment by occupational group by industry (a cross-tabulation of, for exam- 
ple, professional, technical, and kindred workers in agriculture, forestry, 
and fisheries) is shown for the SMA in 1950. Finally, in 1960 alone, data are 
shown for detailed occupation by industry group (a cross-tabulation of, for 
example, accountants and auditors in agriculture, forestry, and fisheries). 

These sorts of data are available also for the whole United States and for 
the State of Colorado. The national data show more industry and occupational 
detail than do the local data, and also percentage changes from 1950 to 1960. 
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Also shown are cross-tabulated tables showing employment in each of the 
211 standard metropolitan statistical areas over 250,000 population (including 
Denver) in each of several industry groups for 1950 and 1960. The SMSA employ- 
ment (excluding the two standard consolidated areas of New York-Northeastern 
New Jersey and Chicago-Northwest Indiana) is summed to show a national total 
for the 211 SMSA*s for 1960. No total is shown for 1950. 

Denver Area Skill Survey 

Occupational data are available from an area skill survey that was con- 
ducted for the Denver Standard Metropolitan Area during the summer of 1958. 

Most of the results of the survey were tabulated in an occupational inventory 
showing how many people were employed in each occupation, how many employees 
in each occupation would be needed in 1960 and 1963 (according to the opinions 
of the individual employers), which occupations were entry-type jobs, which were 
shortage- type jobs, and the minimum educational requirements for employment in 
each occupation. In addition, a tabulation showing the distribution of employ 
ment by occupational group and the distribution of workers within industries 
was released. Unfortunately, those persons not covered by the Colorado Unem- 
ployment Compensation Program were not included in the scope of the survey. 

These amounted to roughly 20 per cent of the labor force. The exclusion of 
self-employed persons and workers in establishments with less than four employ- 
ees biased the sample relative to total employment, since large portions of 
certain industry groups — for example, services — were excluded. 

Occupational Wage Surveys 

An occupational X 7 age survey of the more important occupations has been 
conducted on a sample basis by the U. S. Bureau of Labor Statistics in the 
Denver area every year, except one, since 1949. Its primary purpose is to pro- 
vide information on occupational earnings. These data have been compared with 

21 / 

data from other local areas by the Bureau of Labor Statist ics.-“ 

Occupational employment estimates in the local survey represent the total 
in all establishments within the scope of the study, which varies from year to 
year. The scope included 48 per cent of all the establishments, except govern- 
ment, in the SMA with eight or more workers in 1949; and all of the establishments. 



^^See Wages and Related Benefits ., U. S. Department of Labor, Bureau of 
Labor Statistics, Washington: U. S. Government Printing Office. 
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except government, in the SMSA with 50 or more workers in 1964, According to 
BLS, the workers-within- the- scope- of- study estimates shown provide a reasonably 
accurate description of the sise and composition of the labor force included in 
the survey However, the survey does not include all of the workers in the 
local econony, nor all of the workers in any one industry. The estimates show 
the number of workers in the scope of the study, and bear no close relationship 
to the size of v *ployment within an industry or the size of total employment in 
the local economy. Furthermore, the scope of the study relative to the size of 
total employment appears to change from year to year. Hence, the estimates of 
c;mployment, by occupation or by occupation- by- industry, do not appear to re- 
flect a consistent enough relationship between size of sample and size of uni- 
verse from year to year to use as a measure of trend or as a comparison with 
employment data from other sources. 

Other Data 

Other data are available for specific occupations. Unpublished data of 
employment by occupation by industry in more industry detail than published in 
the 1960 Census of Population for the Denver Metrc*iolitan Statistical Area are 
available from the t. S. Bureau of the Census. Unpublished occupati al detail 
is available for Boulder County for 1960. However, no unpublished detailed 
information is available for any area from the 1950 Census, because '“several 
years ago,” in order to economize on space, the Census Bureau destroyed its IBM 
cards on the 1950 Census, and letters and telephcoe calls to apprt^^ximately 25 
persons who might have obtained these data before they were destroyed failed to 

be fruitful. 

The Monthly Report on the Labor Force provides on a national basis monthly 
occupational employment figures for several occupations. It is possible that 
unpublished detail for the Denver SMSA might be available. 

The Civil Service Commission has records which show employment by occupa- 
tion or occupational group in the classified civil service. 

Federal regulatory agencies have data on a national bas^s which show the 
occupational structure in the regulated industries (airlines, interstate motor 



— ^Occupational Wage Survey . U. S. Department of Labor, Bureau of Labor 
Statistics, Washington; U. S. Government Printing Office (1964), p. 3. 
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carriers, pipelines, railroads, and tele-coonunications) . It is possible that 
these data might be available in greater geographical detail than the United 

StlSltlGS • 

Federal agencies have estimates of national employment of college teachers 
elementary and secondary school teachers, engineers, librarians, policemen, 
scientists, and technicians. They may also have geographical detail on work- 

shcGt s • 

Some local and state licensure agencies can provide the size of occupa- 
tional employment in those occupations which require a license. 

Estimates of size of employment in certain of the professions can be devel 
oped from the membership records of professional societies. 
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A METHOD FOR FORECASTING REGIONAL EMPLOYMENT BY OCCUPATION 



A METHOD FOR FORECASTING REGIONAL EMPIX)YMENT BY OCCUPATION 



I 

INTRODUCTION 

A great deal of effort has been devoted in recent years to projections of 
occupational- employment levels within relatively self-contained regions. One 
assumption common to many of the methods employed is that of proportionality 
among all the variables used in the analysis. For example, some of these tech- 
niques start by projecting population by age and sen to 1970 and 1975. From 
specific assumptions of participation rates and unemployment, the total employed 
labor force is determined. Finally, this estimate of the labor force is dis- 
tributed by occupations and industries according to the 1960 distributions in 
the region under study. The proportionality assumptions incorporated in these 
methods imply a constant industry- occupation mix which limits their value as 
forecasting tools. 

Another technique is the "land-base” or "location coefficient" approach. 
The crucial assumption underlying this approach is again one of proportionality. 
This method assumes that various ratios of employment to population in the 
nation apply to the region under study. It allows for none of the factors 
which are unique to a regional economy and which will thus influence its growth 
pattern. The many difficulties inherent in this type of analysis are pointed 
out by Professor Charles Leven in his analysis of regional accounting methods. - 



~^Charles L. Leven, "Regional Income and Product Accounts: Construction 

and Applications," in Design of Regional Accounts . Werner Hochwald (ed.), 
Baltimore: The Johns Hopkins Press (1961)5 Charles L. Leven, Theory and 
Method of lacome and Product Accounts for Metropolitan Areas . Including tM 
Elgin-Dundee Area as a Case Study . Ann Arbor : University Microfilms (1958) , 
Thesis, Northwestern University. 
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Some authors consider still another approach as comprising a distinct 
method — namely, the so-called "historical method."-' This method can best be 
described as a more or less intuitive approach based on a vast accumulation of 
the historic, social, economic, and political developments of the region under 
study. Then, having obtained an intuitive "feel" for the region, the investi- 
gator proceeds to make judgments as to the most likely future development to 
be expected on the basis of past trends. 

The historical approach should not be considered as a distinct method; 
rather, it should be the foundation upon which all forecasting methods are 
based. However, a purely verbal historical approach will not possess the ex- 
tension nor the penetration afforded by a rigorous analytical framework prop- 
erly integrated with a broad knowledge of the region* s existing, as well as 
historical, socio-economic trends. Therefore, the method presented in this 
paper will provide a rigorous analytical framework for the use of extensive 
historical and time series data. Further, the method will eliminate the 
standard proportional assumptions underlying many forecasting techniques and 
will introduce some of the nonlinear trends known to exist in any real economy. 
The framework is designed, however, to allow for the unpredictable and unstable 
features found in any economy. The technique permits the investigator to 
separate the stable elements of an econon^r from the unstable, and to determine 
their interaction in the process of forecasting industry- occupational trends. 

A fundamental assumption upon which this method rests is that there is a 

3/ 

stable relationship between aggregate demand and aggregate employment.— It 
is further assumed that there is a stable relationship between aggregate output 
and employment for each industry included in the forecast. The reasonableness 
of this assumption is demonstrated later in this paper. It is expected, of 
course, that there will be variations in output, and that judgments will be 
required when projecting the unstable sectors of the regional economy. The 
model is sufficiently flexible, however, to allow for such Judgments. 

9 / * • 

—'See, for example. Manpower Skill Requirements and Training Needs . Phila- 
delphia Labor Market Area (Pennsylvania Portion), November 1962, Commonwealth 
of Pennsylvania, Department of Labor and Industry, Bureau of Employment Security, 
Research and Statistics Division; Lane County Labor Skill Survey , Oregon State 
Employment Service, a division of the Department of Employment, in cooperation 
with the United States Department of Labor. 

3 / 

—'This is the familiar Keynesian principle. See, for example, Gardner 
Ackley, Macroeconomic Theory . New York: The Macmillan Company (1961), or Dudley 
Dillard, The Economics of John Maynard Keynes . New York: Prentice-Hall (1948). 
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II 

THE HETHOD 

The method considered here identifies long-run industry-occupational 

relationships, stable short-run trends, and unstable short-run factors which 

ca\!flse employment levels to deviate unpredictably from long-run occupational 

trends. A series of decennial industry- occupation matrices will be constructed 

which will be examined for both long-run structural stability as well as struc- 

4/ 

tural changes in the industry-occupational complex of the region under study 
Employment -out put functions have been developed from time series data, and 
these are used to account for the stable short-term features of each industry *s 
prevailing productive relationships.^^ In other words, short-run production 
functions are derived for all industries included in the study. 

The third phase explicitly accounts for the unstable features in the 
regional econony which are primarily manifested by variability in each industry's 
total demand. Since changes in output over time reflect adjustments to changes 
in demand, relations of output as a function of time are derived. These 
output-time relations form the analytical basis for output predictions. It is 
at this stage that judgments with respect to the probable growth paths of each 
industry are incorporated in the model. 

Finally, the three phases are integrated so as to form a complete model; 
that is, output values as a function of time for all industries are used in 
conjunction with the industry production functions to project future levels of 
industry employment which in turn are coupled with the industry-occupational 
matrices to obtain the final occupational- employment levels. 

The detailed development of the method will be discussed in the following 
order: (1) the industry-occupation matrix, (2) the industry- product ion func- 

tions, (3) the output-time relations, and (4) the integration of these phases 
into the complete model. The next section contains a detailed numerical 



“^Starting with 1960, matrices will be constructed for ten year periods 
possibly extending as far back as 1910. 

Short- term here implies a period of ten years or less. 
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application of this method to the Denver SMSA for selected industries and occu" 
pat ions. 



The Industrv-Occupat ion Matrix 

Consider m occupations and n industries in the region under study. Denote 
the industries by 1^ (j * 1, 2, . . . , n) , and the occupations by 0^ (i * 1, 2, 
. . m). There are no restrictions on the dimensions of the matrix, i.e. 

(m>n, m<n, or m = n). Let denote the industry’s total employment during 

6 / ^ 

time period t.*~ 

Suppose further that employment levels over period t for occupations, 0^, 
can be determined for each of the industries. Denote these industry-occupation 
employment levels by e^. -- that is, the level of employment of occupation i 
in industry j over time period t. Now form a matrix of the e^^’s. Call this 
matrix the industry- occupation structural matrix at time t and denote it as 




From this derive a coefficient matrix, C^, defined as 



( 1 ) 






t 

a. . 



where 



ZJ “j*® 



ij 



t 

J 



The a^. of the coefficient matrix is Interpreted as giving the percentage 
i j y / 

of industry j*s total employment in the i occupation at time t."* The column 



vector, Aj = jl^, 
industry j's total employment among all occupations. 



, gives the total percentage allocation of 

8 / 



~^Any standard measure of employment can be used, e.g. man-years or man- 
hours. 

^^There is a similarity between the structural matrices used in this model 
and those used in interindustry (input-output) analysis and intersectoral flows 
analysis. See, for example, Hollis B. Chenery and Paul G. Clark, Interindustry 
Economics . New York: John Wiley (1959); and W. Lee Hansen and Charles M. Tiebout. 
"An Intersectoral Flows Analysis of the California Economy," The Review of 
Economics and Statistics . Vol. XLV (November 1963), No. 4. 

~^Some of the a..*s may be zero if the particular occupations are not 

^ J 

included in industry j. 
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We can now define the coefficient matrix as either inclusiv e or select i v e. 
If 

m 

— I 

E j ^ j = 1, 2 

i*l 

the matrix is inclusive; that is, all occupations in each industry are in- 
cluded in the matrix classification. In the inclusive matrix, total industry 
employment is the sum of employment in the individual occupations. 

If the sum of employment in the individual occupations does not equal 
that industry’s total employment, the coefficient matrix is selectiv e. With 
this distinction a complete occupational breakdown is not necessary. In such 
cases each industry’s total employment level must be determined from sources 

other than the structural matrix. 

Alternatively, an inclusive matrix can be derived from a selective matrix 
by defining a residual occupational group which includes all those occupations 
not explicitly classified elsewhere in the selective breakdown. This residual 
occupation is formed by taking the difference between each industry’s total 
employment, and the sum of all occupational employment levels explicitly 
listed under that industry. If we let the m*^^ occupation be the residual 
occupational group, then 



m-1 




i«l 



The advantages of defining a residual occupational group in the construc- 
tion of both the structural end the coefficient matrices, even for an analysis 
requiring only selected occupations, will he demonstrated in the numerxcal 
section of this paper. A number of internal checks made possible by this 
technique can then be utilized in the empirical construction of the matrices 
The coefficient matrices show the inter-occupational industry employment 
structure of the region under investigation. These matrices reflect the stable 
yet changing, long-run economic forces which affect the occupational structure 
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of the region’s industrial complex.-' Some of the facets of the industrial 
growth and development of the region which will be reflected in the coeffi- 
cient matrices are changing industrial productive techniques, the transforma- 
tion of old and entry of new firms into new and broader fields of activity , 
and the effects of exogenous forces on employment relationships in the various 
industries in the region. The coefficients will also be affected by economies 
of scale associated with larger plant capacity, and the increasing application 
of automated production control. They will also be affected by increasing 
efficiency in transportation and communications which will Influence inventory 
policy as well as the coefficients for the transportation industry itself. 

Other employment characteristics embodied in the coefficient matrices 
include those reflecting the gradual transformation of existing industries 
and the emergence of new industries into new fields such as the recent growth 
trends in air transportation, air freight, electronic computers, new alloys 
and plastics. The results of trade union activity, such as increasing wage 
demands, shorter hours, and job reclassification are also implicitly incorpor- 
ated in the coefficient matrices. 

The above examples illustrate some of the many underlying forces which 
are interrelated and summarized by the corresponding elements of coefficient 
matrices constructed over successive time periods. That is, the coefficients 
in the matrices show the net effect of many forces on the industry- employment 
structure of the industries and occupations included in the study. 

The functional relationship existing between the coefficient matrices 
over successive time periods can now be formulated explicitly. Consider a 
time series of matrices giving the a^'s for each i and j over k successive 
time periods; that is. 




-^It is assumed that the associated occupational structure is not vulner- 
c'ble to radical change deriving from any foreseeable entry (exit) of new (old) 
firms in the region. The stable relationships appear as percentages in the 
coefficient matrices; they are not necessarily reflected in the structural 
- The structural matrices represent levels of industi^y employment 
rather than the interindustry-occupational structure which is reflected in 
the coefficient matrices. 
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Now fit an appropriate curve to the corresponding aj^j*s over the k time periods 
to obtain a matrix all of whose elements are functions of time. Let U (t) 
denote this matrix. That is. 



( 2 ) 



U (t) 






10 / 



where fj^^(t) is the curve fitting the corresponding a^^*s, t = 1, . . k. 
Assume for the moment that total employment levels in all n industries 
are known at some time period t. Form an n x 1 column vector of these employ* 
ment levels and denote it as 



(3) 




Express the m individual occupational employment levels at time period t by 
the m X 1 column vector 



(4) 





9 



then 



is given by the equation 



(5) W* = U(t) • V* , 



or in expanded form, 

h = 4* - • *!»<'=> 4 

h = 4 * ^22<‘> 4* *2n<*=) 







4 * 4 * ■ 



mn 



n 



series of functions fitted by the method of least squares are com- 
pared by various measures of "goodness of fit" to obtain the "best" curve. 
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If the total industrial- employment levels (V*") for some future period can 
be determined, the future occupational- employment levels can be obtained by 
direct matrix multiplication with the projected coefficient matrix U(t). It 
must be emphasized that the industry- employment levels must be determined 
Independently of the matrices (structural and coefficient). The independent 
determination of individual industry- employment levels involves the second 
phase of the method. 

The Industry Production Function 

The relative employment levels of the component industries within a 
broad industrial classification are reflected in each industry’s column in 
the coefficient matrix, but the aggregated level of production of the hetero- 
geneous industry group must somehow be related to total industry employment. 
Thus, production functions are derived for each industrial classification. 
These functions demonstrate the stable short-run trends in employment -out put 
relationships in each industrial classification. 

The employment-output functions are used to evaluate predictable, short- 
run tSrends which deviate significantly from long-run, structural changes, and 
which would be obscured if viewed solely from a long-run perspective. Hence, 
it is necessary to examine time series data of industry- employment '^ersus 
output over a period of years sufficiently long to show both the long-run 
trc...ds and short-run variations around these trends. Production functions 
are then approximated over the most recent stable short-run trends prior to 
the base year for each industry sector in the study. Changes in scale of 
plant, gradual transformation to automated techniques, and similar changes 
in the individual industries within an industrial group would be reflected 
in a stable short-run trend. Sweeping changes simultaneously occurring in 
several important industries within a given sector, however, will be reflected 
by a discontinuity in the industry production function. 

The present method does not analytically account for shifts in industry 
production functions over the prediction period since such shifts usually 
occur over longer time periods. However, if there is reason to anticipate 
shifts in a production function at the time a forecast is made, such shifts 
can be incorporated into the method on the basis of judgments from persons 
familiar with the particular industries involved. 

Now consider the possible forms which the industry production functions 
can assume. For each industrial sector, I. (j * 1? 2, . . . , n) it is 

•I 
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necessary to obtain output and employment data for deriving the functional 
relationships between employment and output. Designate these functions as 



(6) E. = j = 1. 2 

which are derived from the ordered pairs, (x‘, e‘), where t varies over all 
the time periods included in the short-run as defined above. 

Equations (6) are actually independent of the time variable, althou?h 
implicitly they depend on the ordered pairs, (X^, corresponding to a 

succession of time periods. In later sections it is shown how these implicit 
time relationships are utilized in the fully 7 lntegrated model. 

Output can, of course, be expressed in a number of different ways. Here 
the term "output” is used as a general designation for all possible variables 
which are significantly correlated with short-run changes in the level of 
employment. The purpose of incorporating a measure of output into the method 
is to introduce an economic variable, closely related to effective final 
demand, which ultimately determines final levels of production. Final demand 
will be the variable most suitable for predictive purposes due to its in^“ 
nendence from the technical relationships in the varidUs industries. If this 
were not the case, it would be sufficient to predict on the basis of employ- 
ment alone. A time series of employment levels, however, reflects many 
changes other than changes in final demand, such as changes in factor propor 
tions and changes in other variables not explicitly discussed in this paper. 

For most private sectors, dollar sales expressed in re^l terms would be 
the first choice of a measure of output.—^ In public sectors total wages 
and salaries is the preferable as well as the most commonly used measure of 
output. Other possible measures of output are^value added, gross margins 
(for trade sectors) and total earned income."*” 



attempt was made to derive separate industrial price indices in 
the numerLfl “rie^^tation of the model since this would have 
the scope of this project. See the 1954 Supplement to the SuEvgz of Curren t 
Business . National Income , pp. 153-8. 

— hn this section where the method is implemented, the only data availa- 
ble for private sectors over a sufficient number of ywrs was 
salaries. In some of the manufacturing sectors, total value added was used. . 
Admittedly these selections are not ideal; however, they were the only approxi- 

mat ions available. 
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Employment can be measured in at least two ways: First, the average 
number of employees during some time period can be used. The major deficiency 
of this measure is that it applies to an employee independently of the dura- 
tion of his employment in an indi’stry within the given time period. In other 
words, a temporary employee working two weeks out of a year counts the same 
as a full-time employee. Further, this method can lead to multiple counting 
of employees in the same or different industries for those workers moving from 

one firm to another within the time period. 

A more accurate measure of industry employment levels is that of total 
man-hours during some time period. This measure avoids the difficulties 
mentioned above. It is not available, however, in the detail required by this 
method. Further, this measure can easily be converted to the first. 

Suppose now that appropriate measures of output and employment have been 
chosen for all industries considered in the study. It is important to remember 
that the same measure need not apply to all industries alike. Then suppose a 
sufficient number of successive ordered pairs, , E^), are available over a 
sufficient number of time periods so that we can clearly distinguish employ- 
ment-output trends. Then the employment-output functions represented by 
aquation (6) are determined through the use of least square fits to selected 
functional forms (see footnote 10). 

Output Functions 

Consider now the successive measures of output used in the derivation of 
the employment- output functions in conjunction with the time variable obtain 
ordered pairs relating industry output levels to time; that is, the succession 

of ordered pairs. 



(t, X.), j ~ I» 2, . . ., n , 

where t ranges over the same short-run period considered in the development of 
the production functions. 

As in the preceding section, functions of output versus time are derived. 
These functions, however, will not be used for the purpose of direct prediction 
through extrapolation or interpolation. Instead, future trends of industry 
output, which are predicted on the basis of these output functions, will be 
used as reference data upon which judgments can be based as to probable expan- 
sion paths of each industry. 
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Then assume that from the set of ordered pairs , (t, following 

output functions are derived: 

(7) Xj “ hj(t), j*l 52 j* • •jH 

for all n industries. 

First consider the output functions for those industries which show a 

high degree of stability — that is, those industries which tend to maintain a 

relatively constant rate of grox^th and tend to be little affected in the short- 

run by most changes in the economic structure of the region. These industries 

are in most cases export industries having wide, extra-regional markets. 

Hence, it x^ould be worthwhile to separate by some criterion the industries 

13/ 

which would be considered export industries, — from those having predominantly 
local sales outlets. 

A typical output function for such stable industries will look similar to 
the one shown in Figure 1. 




~^This classification is made in the numerical section of the paper. 



o 

ERIC 
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For the stable industries, it will be sufficient to predict future output 
levels by direct extrapolation using the derived functional form, 

Now examine the industries that are known to respond significantly to 
exogenous changes which in turn are subject to highly unpredictable causes. 

An example of this type of industry would be one depending on government con- 
tracts which can be cancelled or awarded for reasons completely beyond the 
control of the local region. Another example would be a private industry 
which begins to expand in the region through autonomous investment planning. 

A strict extrapolation based on such an industry’s output functions would 
be highly unreliable. Therefore, it is necessary to first classify each in- 
dustry according to its most probable future level of output relative to its 
past short-run production activity as follows: (1) an expanding industry, 

(2) a level industry, and (3) a declining industry. These classifications 

will be made on the basis of a detailed knowledge of both economic and extra- 
economic factors affecting each industry under consideration. That is, by 
means of interviews with individuals having considerable personal experience 
with the industry’s activities, or in general by means of a thorough analysis 
of the historical as well as current socio-political and economic factors 
affecting the industry in its local, regional, and national spheres of 
activity, a decision will be made about how to classify each industry accord- 
ing to its most probable future level of output. These industries will then 
fall into one of the following categories: (1) those expanding, more rapidly 

than their h.(t) would indicate; (2) those expanding according to or 

(3) those expanding less rapidly than h.(t). Thus, the output functions are 

J 

used as data upon which future levels of output can be referenced. 

As an example, consider an industry which has been an expanding industry 
during a base period, say 1958-1963, Suppose further that a classification 
has been made through the procedure outlined above and that the industry falls 
in category (1). Now suppose that from an investigation of the industry under 
consideration it is anticipated that its activities will expand by 10 per cent 
more per year for the next ten years than the rate of growth during the base 
period.~^ Hence, the slope of this accelerated expansion path will increase 
by 10 per cent more than the average slope determined by the industry’s 



•^^Base period here refers to the stable short-run period over which the 

h.(t)’s are approximated. 

3 
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over the same ten year period. Thus, the projected level of output for 1970 
can be determined analytically on the basis of this judgment as Figure 2 
demonstrates graphically. 




Figure 2. 

Many similar determinations can be made on the basis of other judgments 
concerning the industry's expected rate of growth or future expansion plans. 
The point to be emphasized is that the extrapolated h^(t) forms a reference 
or datum upon which the investigator can base his judgments about the most 
probable future level of output. 

It is possible that examination of the various industries considered in 
the study will call for more than one future output level for several of the 
industries. In fact, it is possible to assign probabilities to alternative 
predictions of future output levels for particular industries. For example, 
if a reasonably large number of interviews are conducted the predictions 
derived from these interviews can be categorized into possible outcomes, and 
the frequency of each outcome can be used to estimate the probability assigned 



o 
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to that outcome. Thus, it is conceivable that more than one predicted future 
output level will have to be considered for several industries. 

Also, for certain industries that are considered to be of crucial import- 
ance to the region, it will be helpful to determine an upper as well as a 

lower bound on future output and use both of these to compute a range of 

15/ 

industry occupational employment levels. — 

Since more than one feasible expansion path can be established for each 
of these unstable industries, it is necessary to consider all possible combi- 
nations of expansion paths to determine separate industry- occupational employ- 
ment projections corresponding to each of these combinations. The most 
probable expansion path is used for most industries in the final employment 
projections. 

For those subsidiary industries which are primarily dependent on the 
levels of output of various export industries, endogenous relationships can 
be derived between their output levels and the aggregate of several or all of 
the export industrial output levels. These subsidiary- export industry rela- 
tionships are clearly revealed in inter- industry input-output analysis. Of 

course, induced income effects as well as direct effects are involved in this 

^ 16/ 
type of analysis, and income as well as employment multipliers can be derived. 

This type of analysis is primarily applicable to an inclusive rather than a 

selective system. 

The Complete Ffodel 

Suppose we have obtained a first combination of future output levels for 
all n Industries at some time t. Denote these predicted output levels by the 
functions, 

(8) X. « p (t), j - 1, 2, ...» n. 

•# 

For the stable industries, as defined above. 



~^It is expected that a full and detailed application of the procedures 
for making judgments as to future industry- output levels will be included in 
the final OMAT report. 

—^Frederick T. Moore and James W. Petersen, "Regional Analysis: An Inter 
industry Model of Utah," The Review of Economics and Statistics . Vol. 37, No. 
4, November 1955, p. 368. Also the authors are currently engaged in extending 
this type of analysis. 
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•* :. jcsssssis^wi-KWisaswi^v 



Pj(t) = 



and for the unstable industries the p.(t)*s denote probable expansion paths. 

1 

Thus p.(t), j =» 1, 2, . . n, denotes a feasible cond>ination of future out- 
put levels. 

With these future levels of output, the industry production functions, 
gj(Xj)» give 



(9) 








n 



where the superscript t on the variables X. and E., are used to denote the 

J J 

predicted values of these variables at the future time period t. 

Referring to equation (5), the occupational employment levels are, 

R. , i = 1, 2, . . .> according to the particular combination of p *s 
chosen. That is. 



(10) W*^ = U(t) • V^, 



or in expanded form. 



^1 “ ^11^*^^’®! j 




+ fl 2<*=>-82 1 
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where R, , R», . . .. R are the required occupational employment levels 
1' 2 m 

expressed in the chosen measure of employment. Equation (10) is the complete 
mathematical formulation of the model; however, there is a further significant 
process implicit in this model which should be considered before concluding 
this section. 

In general, a particular occupation is common to many distinct industries 
as will be seen in the coefficient matrices in the numerical section of this 
paper. The final occupational employment level is determined by the combined 
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effect of the various rates of growth or decline of the separate industries. 

For example, consider the simple case of one occupation which is entirely 
allocated between only two industries, where one industry is expanding in 
both output and employment and the other industry is declining. Assuming 
relatively uniform conditions such as comparable wage rates and travel dis- 
tances, there will be a shift of workers from the declining industry into the 
expanding industry. The net effect of this transition on the total occupa- 
tional employment level will be an increase or a decrease depending on the 
rates of change and relative capacities of the two industries. 

In general, given any combination of probable expansion paths for all n 
industries considered in the study, the final m occupational employment levels 
given by the R^'s, depends on an m by n occupational- industry employment mix. 
For all m occupations there are employment interchanges between all industries 
that include those respective occupations but which are not explicitly evalu- 
ated in the determination of final occupational employment levels. Neverthe- 
less, the net result of these interactions are accounted for in the final 
determination of the R^*s of equation (10). That is, the occupation mix 
between all m occupations and n industries is accounted for simultaneously in 
the operation of this technique. 

We have thus far accounted for the long-run secular trends in the inter- 
industry- occupational structure of the region under study by use of industry- 
occupation coefficient matrices considered as functions of time. We have 
accounted for local, individual industry characteristics which show stab^Hty 
in the short-run through the construction of industry production functions. 

We have also outlined a method for determining the various output levels of 
the many possible expansion paths open to those industries which are governed 
by forces exogenous to the region, or those industries which are just not 
amenable to analytic forecasting techniques, and we have indicated how various 
occupational employment levels can be determined, depending upon the various 
choices of combinations of industry- expans ion paths. Finally, we showed how 
occupation-mix phenomena are accounted for in the final operation of the 

model. 
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III 

STATISTICAI. IMPLEMENTATION OF THE MODEL 

In this section a numerical example of the model as applied to the Denver 
Standard Metropolitan Statistical Area is given. The SMSA consists of five 
counties: Adams, Arapahoe, Boulder, Denver and Jefferson. The application 

follows the order used in the development of the theory, namely: (!) construc- 

tion of the coefficient matrices, (2) derivation of the industry production 
functions, (3) development of industry-output functions (industry expansion 
paths), and (4) integration of parts (1) through (3) into the final occupa- 
tional-employment forecasts. 

This application is limited to a selective industry-occupational breakdown. 
It includes ten prominent industries in the Denver area and twenty occupations 
carefully chosen for their occupational training potentials. It is hoped that 
before the final report is completed an inclusive industry-occupation study 
will be made so that a complete forecast for the Denver SMSA will be available. 

The Coefficient Matrices 

Three inclusive matrices have been constructed, corresponding to the years 
1940, 1950 and 1960. The point of departure in the development of these 
matrices was the data contained in the 1960 U. S. Census of Population for tht 
Denver SMSA.~^ These data were organized in the form of a structural matrix 
for male workers and female workers separately. Coefficient matrices were 
derived directly from the given census, occupational- industry breakdoims for 
(1) males, (2) females, and (3) males and females combined. In all three cases, 
if we were to use these matrices we would be forced to accept the industries 
and occupations listed in the census matrix. In the male-female aggregation, 
many of the occupations listed are not comparable.. For example, secretaries 
are specifically listed in the female matrix, but in the male matrix they are 
lumped into a residual category, "other clerical and kindred workers." Further, 
the entire class of engineering occupations in the female matrix are lumped 
into "other professional, technical, and kindred workers." 



—^United States Census of Population, 1960, Colorado . Detailed Character 
istics . U. S. Department of Commerce,. Bureau of the Census. 
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These differences in occupational classification severely limited the 
choice of occupations. Therefore, it was necessary to devise a method by which 
structural matrices could be derived for any desired set of occupations for 
male, female, or combined workers. In fact, such a technique was necessary 
for the construction of the 1950 and 1940 structural matrices since the census 
data for these years was not compiled into a detailed occupational- industry 

matrix. 

Also, the industry classifications used in the 1960 census occupational- 
industry matrices are in some cases too broad for our purposes. For example, 
a vital and growing industry in the Denver SMSA is the air transportation 
industry which in the census is entered in a residual industry called "all 
other transportation."^^ Hence, a technique is needed which not only will 
enable us to derive specific occupational employment totals in the various 
industries, but will also enable us to disaggregate the broad industrial classi- 
fications used in the census into industries which are more suitable for this 

study. 

In the census data, total employment figures are listed for a large number 
of detailed occupations; further all of these occupations are categorized into 
major occupational classes such as professional, technical and kindred workers; 
clerical and kindred workers; operatives and kindred workers; service workers 
including private households; and so on. Employment totals are given for each 
of these major occupational classes and these totals are broken down by indus- 
try. For example, the total number of male and female designers and draftsmen 
for 1960 is 2,232. Further, designers and draftsmen fall into the broad occu- 
pational classification -- professional, technical and kindred — for which a 
total of 53,270 employees is listed. Of this total, the fabricated metal 
industry employed 4,249, the x^holesale trade industry employed 607, and so on. 

With this type of breakdoxTO for all industries and occupations we allocate 
the total number of employees of each detailed occupation to each industry. 
First, for every industry, we compute the ratio of the number of employees in 
each major occupational group in that industry to the total number of employees 
in the same major occupational group. For example, using the above figures. 



final report, air transportation and several other key Denver 
industries will be specifically incorporated in the inclusive matrices. 
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the ratio of designers and draftsmen in the professional, technical and kindred 
major group for the fabricated metal industry is 



4.249 

53,270 



0.07976 . 



These ratios are used to allocate the detailed occupational totals to each 
of the industries included in the analysis. In this example of 2,232 designers 
and draftsmen, (2,232) x (.07976) = 178, which is the estimated total of male 
and female draftsmen and designers employed in the fabricating metal industry 

in 1960. 

This technique was used to build inclusive structural matrices for male, 

female, and male- female combined for the years 1940, 1950 and I960. From 

these, coefficient matrices were constructed by dividing each column by the 

19/ 

industry-column totals. 

At this point, the crucial question is; How accurate is this allocating 
technique? The fundamental assumption in this data reconciliation process is 
that all minor occupational employment levels are distributed among all indus- 
tries in the same proportions at' total employment in the major occupation 
classification. That is, the minor occupations are assumed to be homogeneous 
within each major occupational group. While this assumption might not be 
realized in all cases, we feel that the matrices derived by this process are 
sufficiently accurate to reveal the required structural trends. However, if 
one were to use the derived structural matrices in an element-by-element time 
series projection for direct occupational- industry forecasts, this would be a 
very doubtful procedure. 

It would be a mistake to consider these derived matrices, both structural 
and coefficient, iis representing the true industry- occupational employment 
structure of the region. Rather, the derived matrices represent the trend in 
the changing structure of the region. The fact that they are not totally 
comparable to what would be "true” structural and coefficient matrices will not 
significantly obscure the structural trends. Nevertheless, since the projected 
coefficient matrix will be used as if it represented the actual future 



~^Similar matrices are currently being constructed for 1930 and 1920. At 
the time of writing only the 1940, 1950 and 1960 matrices were completed. How- 
ever, it was felt these are sufficient for the exploratory forecasts since they 
will in most cases show post-war structural trends. 
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industry-cccupational structure, it will be advantageous to adjust the derived 
matrices, which only reflect the structural trend, so that they will more nearly 
approximate the actual allocation of occupational employment by industry. 

This adju.^tment process is achieved by the following transformation; The 
recorded elements of the 1960 structural matrix found in the census data are 
divided by the corresponding elements in the derived 1960 matrix. That is, if 
e^^ denotes an arbitrary element from the given census matrix and ej^^ repre- 
sents the corresponding element in the derived 1960 matrix, the adjustment 
coefficient, denoted by Is given by the quotient, 

k . . ~ i' ^ 9 X“*l, 2, ..., mj j"“l,2, • « n. ' 

ij ®ij 

Denote this collection of scale factors by the matrix. 




The matrix K is used to adjust the projected 1970 and 1975 derived coeffi 
cient matrices by making an element- by- element multiplication. That is, the 
final coefficient matrix will be 




where t' will be the years 1970 and 1975 respectively for this application. 
Thus, this adjusted future coefficient matrix should yield a more accurate 
numerical occupational- employment forecast than would be the case if the 
"trend" coefficient matrices were used exclusively. The matrix of adjustment 
coefficients is given in Table 5. 

With the completion of the 1930 and 1920 matrices, it will be possible to 
make a test forecast to determine both the accuracy of projection as well as 
the stability of the coefficient matrices. This will be done by using the 
derived matrices up to and including 1950 to project the 1960 matrix (which is 
known). It will then be possible to compare the forecasts with the realized 
values and examine the margin of error. In fact, this general idea will be 
applied to the entire model, and exploratory occupational- employment forecasts 
will be made for 1960 and 1965. 
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To maintain computational accuracy when deriving the matrices, it is best 
to build inclusive matrices using residual occupational and industry categories 
as discussed earlier. For each major occupational group, we form a residual 
category which includes all those detailed occupations in that major group which 
are not otherwise specifically listed. Similarly, residual industries are used 
for each major industrial category (i.e. manufacturing, transportation, servi" 
ces, etc.). An example of a residual occupation is "other clerical and kindred 
workers" in fehe major group "clerical and kindred workers." In the manufactur- 
ing industries, "other durable goods" is an example of a residual industry. 

With these residual categories built into the matrices, we are able to 
devise many computational checks to keep a running account of the accuracy of 
the derived structural and coefficient matrices. For example, the sums of all 
the derived occupational figures in each industry should equal the figures for 
each major occupational group broken down by industry as recorded in the census. 
Also, the sums of the derived occupational figures over all industries should 
equal the total occupational employment figures recorded in the census. 

Besides the internal reconciliation difficulties, there are also aggrega- 
tion and classification difficulties with the data. There have been many 
changes in the methods of aggregating job occupatior" from one census period 
to the next. For example, the 1930 census includes as a job classification 
"guards, watchmen and porters." In the 1940 census, the corresponding classi- 
fication is "guards, watchmen and doorkeepers." Another difficulty arises fro?'' 
changes in major occupational groupings between the various census periods. 

This, of course, makes the structural comparability for some occupations in the 
derived matrices very dubious from one census period to the next. For example, 
in 1940 a major occupational classification is "clerical, sales and kindred 
workers." In 1950, the same group is divided into two separate categories — 
"sales workers" and "clerical and kindred workers," thus introducing a distinct 
new major occupational group. 

Geographical difficulties are also encountered in the construction of these 
matrices. The census data from 1940 and earlier include only Denver county. In 
1950, the Denver Slfk was defined as Adams, Arapahoe, Denver and Jefferson coun- 
ties. Finally, in 1960, the census data include the entire SMSA which incorpor- 
ated Boulder county into the SM^« In the selective matrices, these geographical 
difficulties are not significant since the industries chosen are predominantly 
covered by the areas used in each of the census periods. In the final Inclusive 



system, it will be necessary to account for these geographical differences. 

This can be done simply by adding in the necessary employment figures for the 
counties or census tracts of the missing areas to make the entire set of 
matrices comparable^ 

Despite these Internal as well as external difficulties, when the derived 
coefficient matrices for 1960 are compared with the coefficient matrices derived 
from the structural matrices contained in the 1960 census, corresponding ele- 
ments are found to be *i the majority of cases of the same order of magnitude 
thus substantiating (at least for 1960) the feasibility of this allocating 

u • 20/ 

technique. 

The selective coefficient matrices used in this application are given in 
Tables 1-3. All of the coefficients in each of thesj matrices have been multi- 
plied by 1,000 to render the numbers more readable. Using these matrices, 
functions of time fitting all of the corresponding elements in each of the 
three matrices were derived. Linear, exponential, and geometric least squares 
fits were applied to each set of three ordered pairs for all m x n locations 
in the matrix. The functions were then compared on the basis of the^r corre- 
lation coefficients and standard errors. 

The correlation coefficients and the standard errors of estimate of the 
functions finally chosen are given in Table 4. The functions themselves arw 
listed on the pages following Table 4. The matrix of functions was then evalu- 
ated for 1970 and 1975 and the adjusted results, in matrix form, are tabulated 
in Tables 6 and 7 respectively. 

Approximately 25 per cent of the least squares fits chosen from these 
three functional forms, indicate on the basis of correlation coefficients and 
standard errors, an unsatisfactory fit. In order to obtain better approxima- 
tions to the trends of these particular industry- occupational coinbinatlons, it 
will be necessary to use other functional forms which are not strictly monoto- 
nic. Coupled with a larger number of matrices and a wider selection of possi- 
ble functional forms, this should produce stability for all but a very small 
percentage of the functions constructed from the matrix elements. 

Let us now examine the hypothesized stability of the coefficient matrices 
discussed in the theoretical section. Since we are dealing with only three 



— ”^A male matrix with the same industries and occupations as those listed 
in the 1960 census matrix was constructed by this allocating procedure, and the 
respective coefficient matrices were then examined for comparability. 
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COEFFICIENT MATRIX- DENVER 
1940- MALE AND FEMALE 
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Designers 
6e draftsmen 


1.32 


2.77 


.37 


2.66 


2.19 


3.08 


.41 


2.60 


22.79 


3.36 


2. 


Civil 

engineers' 


2.46 


5.16 


.68 


4.96 


4.09 


5.74 


.76 


4.85 


42.50 


6.27 


3. 


Industrial 

engineers 


.09 


.19 


.03 


.19 


.15 


.21 


.03 


.18 


1.59 


.23 


4. 


Bookkeepers 


17.76 


37.03 


27.77 


46.90 


42.31 


39.07 


65.11 


36.71 


17.75 


58.79 


5. 


Office machine 
operators 


2.02 


4.21 


3.16 


5.34 


4.81 


4.45 


7.41 


4.18 


2.02 


6.69 


6. 


Secretaries 


14.26 


29.74 


22.30 


37.66 


33.98 


31.38 


52.28 


29.48 


14.25 


47.21 


7. 


Stenographers 


2.90 


6.04 


4.53 


7.65 


6.91 


6.38 


10.6)3 


5.99 


2.90 


9.59 


8. 


Stock clerks 
6e stock keepers 


2.76 


5.76 


4.32 


7.30 


6.58 


6.08 


10.13 


5.71 


2.76 


9.15 


9. 


Telephone 

operators 


2.62 


5.45 


4.09 


6.91 


6.23 


5.76 


9.59 


5.41 


2.61 


8.66 


10. 


Typists . 


5.12 


10.68 


8.01 


13.53 


12.21 


11.27 


18.79 


10.59 


5.12 


16.96 


11. 


Carpenters 


34.09 


35.10 


15.05 


6.41 


14.71 


21.76 


3.74 


34.03 


1.64 


14.61 


12. 


Electricians 


10.81 


11.13 


4.78 


2.03 


4.67 


6.90 


1.19 


10.79 


.52 


4.64 


13. 


Machinists & 
iob setters 


23.30 


23.99 


10.29 


4.38 


10.05 


14.87 


2.55 


23.26 


1.12 


9.99 


14. 


Mechanics 6e 
repairmen 


59.23 


60.98 


26.15 


11.13 


25.56 


37.80 


6.49 


59.12 


2.85 


25.39 


15. 


Plumbers 6e 
pipe fitters 


12.16 


12.52 


5.37 


2.29 


5.25 


7.76 


1.33 


12.14 


.58 


5.21 


16. 


Stationary 

engineers 


14.26 


14.68 


6.29 


2.68 


6.15 


9.10 


1.56 


14.23 


.69 


6.11 


17. 


Stationary 

firemen 


3.11 


1.53 


4.97 


2.28 


3.79 


1.79 


1.35 


1.13 


.30 


1.06 


18. 


Truck drivers 
& deliverymen 


70.24 


34.60 


112.14 


51.40 


85.65 


40.48 


30.56 


25.52 


6.83 


23.94 


19. 


Charwomen, jani- 
tors & porters 


2.23 


.73 


1.90 


1.09 


.89 


2.16 


.76 


5.54 


12.49 


.73 


20. 


Guards, watchmen 
6e doorkeepers 


1.38 


.45 


1.17 


.67 


.55 


1.33 


.47 


3.43 


7.72 


.45 



a X,: . .V. • cc: 









TABLE 2 

COEFFICIENT MATRIX- DENVER SMA 
1950-MALE AND FEMALE 
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Designers 
& draftsmen 



2.24 1 3.31 



2.97 



6.73 1 5.10 



3.70 



6.37 



8 



10 



a 









1.34 10.08 18.08 3.95 

2.31117.32 31.081 6.78 



Bookkeepers 



11.691 16.501 12.35 



.711 .54 



16.38 I 19.67 



Stenographers 



3.65 1 5.15 1 3.85 



Stock clerks 
& stock keepers 



3.53 1 4.98 1 3.73 



4.94 1 5.94 



Telephone 

operators 



.67 



23.28 



.24 1.82 3.27 

26.33 130.61 14.44 I 19.42 



6.90 



35.74 



7.26 



7.81 9.08 4.28 5.76 

40.42 46.99 22.16 29.81 

8.211 9.55 4.501 6.06 



7.03 



10.46 



7.95 9.24 4.36 5.86 

11.83113.76 6.491 8.73 



12.84 



14.52 I 16.88 7.96 I 10.71 



38.17 



7.711 9.93 3.00 131.07 



9.79 



1.98 1 2.55 



.771 7.97 



13 



17.77 



3.59 1 4.63 1.40 114.47 



14 



Mechanics & 
repairmen 



66.56 I 82.61 I 33.23 



35.41 \ 33.77 



13.75 I 17.71 5.36 I 55.41, 



15 



Plumbers & 
pipe fitters 



11.15 1 13.84 1 5.57 



11.40 2.30 1 2.97 



.90 1 9.28 



16 



Stationary 

engineers 



9.75 I 12.10 I 4.87 



17 



Stationary 

firemen 



5.191 4.95 



9.97 2.011 2.59 .78 1 8.12 



1.21 1.32 



.241 1.54 



Truck drivers 
& deliverymen 
Charwomen, jani- 
tors & porters 
Guards, watchmen 
& doorkeepers 



47.04 94.80 

3.411 2.71 



10.15 



6.05 I 39.12 



28.84 1.25 

13.61 I .59 












TABLE 3 

DERIVED COEFFICIENT MATRIX- DEWER SMSA 
1960-MALE AND FEMALE 







1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


\ Industry 

Occupation \ 


Fab. Metals Indus. 
(Incl. not Spec. 
Metal) 34 


Machinery Except 
Electrical 35 


Food & Kindred 
Products 20 


Chemicals & Allied 
Products 


Rubber & Misc. 
Plastic Products 
30 


Utilities & Sanitary 
Services 49 


Wholesale Trade 50 


Business Services 
73 


Medical & Other 
Health Services 
80 


Elec. Mach. Equip. 
& Supplies 36 


1. 


Designers^ 

& draftsmen 


12.04 


6.59 


1.10 


6.25 


3.50 


5.03 


1.46 


6.44 


19.90 


7.94 


2. 


Civil 

engineers 


8.92 


4.88 


.82 


4.63 


2.59 


3.72 


1.08 


4.77 


14.74 


5.88 


3. 


Industrial 

engineers 


4.02 


2.20 


.37 


2.09 


1.17 


1.68 


.49 


2.15 


8.18 


2.65 


4. 


Bookkeepers 


15.84 


12.76 


10.07 


19.32 


16.29 


20.25 


24.61 


33.50 


6.64 


15.65 


5. 


Office machine 
operators 


7.55 


6.08 


4.81 


9.22 


7.70 


9.66 


11.74 


15.98 


8.18 


7.47 


6. 


Secretaries 


27.38 


22.06 


17.42 


33.41 


28.17 


35.02 


42.56 


57.93 


29.64 


27.07 


7. 


Stenographers 


5.56 


4.48 


3.54 


6.79 


5.72 


7.12 


8.65 


11.77 


6.02 


5.50 


8. 


Stock clerks 
6e stock keepers 


4.59 


3.70 


2.92 


5.60 


4.72 


5.87 


7.14 


9.72 


4.97 


4.54 


9. 


Telephone 

operators 


5.81 


4.68 


3.70 


7.09 


5.98 


7.43 


9.30 


12.29 


6.29 


5.74 


10. 


Typists 


9.64 


7.76 


6.13 


11.76 


9.92 


12.33 


14.98 


20.39 


10.43 


9.53 


11. 


Carpenters 


22.49 


31.10 


15.12 


13.07 


16.24 


30.19 


8.29 


8.08 


3.14 


19.26 


12. 


Electricians 


8.06 


11.15 


5.42 


4.68 


5.82 


10.82 


2.97 


2.90 


1.12 


6.90 


13. 


Machinists & 
iob setters 


10.44 


14.44 


7.02 


6.07 


7.54 


14.02 


3.85 


3.75 


1.46 


8.94 


14. 


Mechanics & 
repairmen 


58.96 


81.52 


39.64 


34.26 


42.56 


79.15 


21.73 


21.18 


8.23 


50.48 


15. 


Plumbers & 
pipe fitters 


8.93 


12.35 


6.01 


5.19 


6.45 


11.99 


3.29 


3.21 


1.25 


7.65 


16. 


Stationary 

engineers 


9.95 


13.75 


6.69 


5.78 


7.18 


13.35 


3.67 


3.57 


1.39 


8.52 


17. 


Stationary 

firemen 


1.05 


1.27 


2.76 


1.19 


2.66 


1.08 


.79 


.41 


.13 


1.51 


00 
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Truck drivers 
6e deliverymen 


42.27 


51.32 


111.28 


47.85 


107. 18 


43.58 


31.98 


16.41 


5.30 


60.97 


19. 


Charwomen, jani- 
tors & porters 


3.09 


1.46 


3.74 


3.64 


2.20 


2.08 


.86 


13.54 


32.26 


.38 


20. 


Guards, watchmen 
& doorkeepers 


.94 


.45 


1.14 


1.11 


.67 


.63 


.26 


4.14 


9.86 


.12 
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TABLE 4 

MATRIX COEFFICIENT OF CORRELATION 
AND STANDARD ERROR OF ESTIMATE 



14 



15 



.957533 

.271745 



.985279 

.091246 



.993284 

.180673 

.320186 

.167184 

.994687 

.055705 



.985694 

.045539 



.985971 

.044985 



.999824 

.003892 

.939929 

.120834 

.988058 

.040285 



.769987 

.140710 

.998152 

.068354 

.988090 

.051040 

.033243 

.056078 



.969' 46 
.031893 



16 



1 .871265 
.085713 



17 



18 



19 



20 



.962897 

.235702 



,502921 

603398 



,598543 

240416 



.946753 

.120327 



.358866 

.059241 



.999381 

.035208 

.973149 

.104489 

.990445 

.020892 



.999887 

.008345 



.999252 

.004722 



.981005 

.035730 

.324337 

.181360 

.999999 

.000190 



.296212 

.159273 

.023857 

.030715 

.961770 

.011102 

.875535 

.067683 



.109907 

.054738 



.387041 

.074009 



.954919 

.032998 



.927768 

.116737 



.974692 

.068354 



.280545 

.326953 



.998399 

.019760 

.172932 

.160086 



.993599 

.021943 



.661036 

.211276 



.991344 

.137114 

.962649 

.118611 

.985260 

.029779 



.992656 

.012395 



.992302 

.012677 



.995910 

.051855 

.237248 

.167518 

.997916 

.007099 



.076975 

.099477 

.866025 

.029617 

.997985 

.009925 

.999566 

.005021 



.980136 

.009301 



.209106 

.763675 



.999998 

.000469 



.285451 

1.15531 



.049303 

1.21196 



.999999 

.000632 

.818527 

.265364 

.811457 



.343499 

.159179 



,990899 

.056569 

.961620 

.113250 

.994493 

.020243 



.342732 

.159008 



.707071 

.115116 

.457668 

.023031 

.396377 

.153461 



.622792 

.365396 

.852482 

.217199 

.486199 

.267812 

.882053 

.253463 



.827161 

.236660 



.944143 

.111974 



.781729 

.048280 



.995477 

.007417 



.976294 

.030070 

.095325 

.174603 

.999781 

.001780 



.441276 

.093318 

.938419 

.033088 

.998612 

.006187 

.999989 

.000973 



.983695 

.089567 



.461437 

.808459 



.992661 



.882095 

.077188 



.797255 

.023179 

.914150 

.224449 



.998508 

.005006 



.620202 

.281839 



,279509 

346408 



.989568 

.029153 



.760213 

.151325 



.999962 

.007419 

.965665 

.073451 

.999410 

.073069 



.818813 

.032802 



.822073 

.032386 



.183844 

.076724 

.477004 

.214839 

.715118 

.038096 



.626311 

.179667 

.970134 

.046678 

.238465 

.097862 

.965995 

.045184 



.936137 

.068325 



.957232 

.047289 



.969046 

.053430 



.199970 

.147604 



.975495 

.069836 



8 



10 



.919070 

.228395 



.699565 

.402783 



.629038 

.073834 



.363865 

.432594 



.046803 

.603339 



.994805 

1.15965 



.940848 

.126436 

.450193 

.052001 



.998742 

.009428 

.919763 

.174093 

.913479 

.083679 



.993562 

.308770 

.552819 

.061821 

.999478 

.017762 



.997626 

.046161 

.948212 

.134470 

.999880 

.008869 



.998996 

.044751 

.951425 

.178499 

.455557 

.622254 



.792322 

.067808 



.987530 

.044452 



.998190 

.018109 



.954561 

.073205 



.791326 

.068187 



. 987460 
.044574 



.998279 

.017606 



.954875 

.072021 



.987071 

.023449 

.141167 

.087912 

.812780 

.011149 



.928967 

.088738 

.838300 

.226807 

.983552 

.049731 



.968442 

.062844 

.879585 

.200869 

.999192 

.087211 



.995250 

.028195 

.857510 

.100729 

.963016 

.067042 



.927532 

.134303 

.999973 

.002729 

.953406 

.054275 

.996715 

.040345 



.945210 
.207245 
.854515 
.338571 
.935979 
.286987 
.823350 
. 301430 



. 920048 
.115985 
.999910 
.004212 
.949939 
.036352 
.999255 
.084853 



.415410 

.28352 6 

.747992 

.151815 

.220204 

.200827 

.839155 

.189279 



.999983 

.004715 



.870464 

.318068 



.999666 

.007071 



.973424 

.082168 



799874 

,443640 



.936263 

.107283 



,047730 



.888852 

.117851 



884034 

226159 



. 985887 
.011785 



,565062 

,029634 



528931 

319532 



.999936 

.007071 



,871595 

,084136 

,999584 

,011009 

,547447 

,407431 



886357 

.044783 



699174 

078539 



.481846 

.203463 



,775548 

,439233 



o 
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MATRIX FUNCTIONS 




0.01309e®*^^^^*^ 


^3, 


1 


“8.318 + 0.1965t 


0.4495e®*°^^^*^ 


^3, 


2 


0.00138e®*^^^^*^ 


“1.0417 + 0.0365t 


^3, 


3 


(3.246 X 10“^^) 


0.4751e°*°^^^^ 


^3, 


4 


(6.375 X lO^^b t^-914 


0.03031t^*^^^® 




5 


-1.93 + 0.051t 


l,1313e®'°^^^^^ 


^3 

^ 9 


6 


(1.270 X 10’^) 


(3.3835 X 10“^) t^*2124t 


^3 

9 


7 


-0.8967 + 0.023t 


(5.2004 X 10“^) 


^3 

9 


8 


-3.5417 + 0.0985t 


82.1563t“°*^^®^^*^ 


h 

^9 


9 


0.05814e®*°®^^*^ ^ 


0.5502e®*®^^^^ 


^3, 


10 “ 


0.001679e°’^^^^*^ 


0,1754e°*°®^^*^ 


^4, 


1 


56.1434t“°*^^°^ 


6.0159e“^*°°28t 


^4, 


2 


642,764.08t“^*^^^^ 


0.0998t°*^^^^ 


% 


3 


305,867. 


6.3745e“^*°°34t 


^4, 


4 * 


178,337.49t“^*^^°^ 


11.8465e“^*®^^®*^ 


^4, 


5 


269,215. 


15.2097e‘“®*®^^^^*^ 


^4, 


6 


16, 201. 3 It 


0.02338t^*®^^^ 


^4, 


7 


510,048. 96t“^*^^°^ 


3.7927t®*^^°^ 


^4, 


8 


87.9036t“^*^^^^ 


98.8400 • 1.3880t 


^4, 


9 


139.4934e“°*°^^^^*^ 


7.3963e"°*°°^^*^ 


^4, 


10 


(1.1213 X 10^) 



170 



MATRIX FUNCTIONS 



^5, 1 


0 133^0. 0659t 


*7. 1 “ 


0.7642e°-“25^* 


f = 

^5, 2 


1.9889e®‘®^®^^^ 


^7, 2 


10.9422e’®*®^^^^*^ 


^5, 3 


1.3354e®*'^2101t 


*7, 3 


43.0587t"®*^^^^ 
.. -0.3499 


“ 


•3.2267 •!• O.mt 


*7.4 = 


25.1374t • 


*5. 5 


1.8503e°*®^^^^*^ 


*7.5 = 


38.7589t'‘®*^^®^ 
.. 0.2820 


*5, 6 


-6.0217 'h 0.2605t 


*7.6 = 


2.3012t 


*5, 7 


2.7824e«-''23009t 


^7, 7 


72.5182t“®*^^^^ 


^8 = 


(2.077 X 10"^) 


*7, 8 


0.01247t^*^^^^ 


^5, S 


(6.0508 X 10‘S 


*7.9 = 


0.003728t^*^®^^ 

-1.3964 


^5, 10 ” 


4.69 + 0.039t 


*7. 10 “ 


1531.7971t 


*6, 1 


3.7455e®*°^^^^^ 


*8. 1 


0,99526°-“®^^* 


*6, 2 = 


449.921t“®’^^^^^ 


*8. 2 


14.3165e‘°'°^^^^* 


*6, 3 


- , “0.6134 
212.6468t 


*8. 3 “ 


7.1567 - 0.07t 


II 

\D 

(H 


124.313t"°'^®^^ 


*8. 4 


87.8459t‘°'®®*^ 


f xs 

^6, 5 


41.4053e-°-°°®^^’‘ 


*8.5 = 


13.0625e‘°‘°^*®* 


•F at 

^6, 6 


11.3146t°-^®^” 


^8, 6 


6.8865e-‘»-°0"“t 


^6, 7 


355.20U*°'®^^^ 


f B 

^8, 7 


247.9621t"°’®^°® 


f S 

^6, 8 




^8, 8 


0.04260t^-®^^ 


^6, 9 




^8, 9 


0.01256t*'^^^^ 


^6, 10 


7803.1409t^’^^^^ 


^8, 10 “ 


5477. 273t*^’”®® 



.t*£.:c:£=; 



[ 









MTRIX FUNCTIONS 



in 



‘9, 1 

^9, 2 



9, 3 



•9, 4 



•9, 5 



•9, 6 



'9, 7 



•9, 8 



•9, 9 



•9, 10 



10 , 1 



10, 2 



10, 3 



10, 4 



10, 5 



10, 6 



10, 7 



10, 8 



10, 9 



10,10 



0,001726t 



2.0065 



8.4022e 



-0.007616t 



5.6261e 



-0,005011t 



= 5.3862t 



0,07150 



= 7,6503e 



•0.002048t 



0,4933t 



0„7032 



10.8514e 



0.002669t 



-0. 001535 t 



2. 1032 



0.000765t 



2.240 



« 21.1671e 



-0,02056t 



1.4037e 



0.03164t 



20.2270e 



-0.01597t 



91.7451t 



-0,6622 



= 53.5982t 



-0.3996 



= 80.8893t 



-0.5129 



0.2351 



4.8513t 



* 25.6217 - 0.1905t 



0.02643t 



1.6332 



-5.4383 + 0.2655t 
= 3358.119t“^*^^^ 



11 , 1 



11 , 2 



11, 3 



11, 4 



11, 5 



11 , 6 



11, 7 



11 , 8 



11, 9 



11,10 



12 , 1 



12 , 



12, 3 



12, 4 



12, 5 



12, 6 



12, 7 



12, 8 



12, 9 



12,10 



86.5193e 



-0.0208t 



= 50.0394e 



-0.0605t 



= 91. 745 It 



-0.6622 



= 1.9963e 



0.03562t 



= 5.6229t 



0.2768 



= 0.9829t 



0.8705 



2.0102 



= 0.002452t 



(1.872 X 10^) 



= 0.004124t 



1.6426 



= 0.9825t 



0.7809 



* 16.3583 - 1.1375t 



= U-3336C 



0.00008977t 



3.6407e 



0. 006283 t 



0.0008813t 



2.1362 



2.9373e 



O.OllOlt 



» o.iim 



1.1259 



2.2567 



0.000289t 



(2.0955 X 10®) 



0.1124e 



0.03836t 



0.1136t 



1.0319 
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MATRIX FUNCTIONS 



£ &s 

"^13, 1 


120.3208e'°'°^^^* 


*15, 1 ” 


23.0617e'®‘°^*** 

,, -0.0006836t 


*13, 2 “ 


43.875 - 0.4775t 


*15, 2 ° 


13.3346e 


*13, 3 “ 


22.2648e‘°*°*®^^* 


*15, 3 “ 


4.2591e"»°"5630t 


f es 

13, 4 


0.1886t“'®®®^ 


*15, 4 ” 


0.001147t^’^®®^ 


*13, 5 ° 


17.9331e‘®’°*^^^* 


*15, 5 “ 


2.7867 + 0.06t 


*13, 8 “ 


17.9263e-»-°“94t 


*15, 6 “ 




*13, 7 “ 


0.05797t^’“®* 


*15, 7 “ 


-2.5933 + 0.098t 


II 

00 

CO 


(4.5652 X 10®) 


*15, 8 " 


(2.6986 X 10^) 


*13, 9 ” 


0.09803t°'®®®® 


*15, 9 “ 


-0.765 + 0.0335 


*13,10 ° 


14.3778e°-®*®'26t 


*15,10 ° 


0.1412t^-''^^^ 


*14, 1 ' 


62.1916e-°-®®°“8t 


*16, 1 “ 


398.653t“®-^^^^ 


*14, 2 “ 


4.1577t®'”®^ 


*16, 2 “ 


27.9563t"°*^®^^ 


Hi 

H* 

O 

II 


0.5921t*'®^^^ 


*16, 3 ° 


33.4467 - 0.533t 


^14, 4 “ 


0.00034t^'®®*® 


*16, 4 ° 


1 9348 
0.002287t^’^’’^** 


f? es 

14, 5 


0.2473t*'^®^^ 


*16, 5 “ 


3.5183 + 0.0515t 
. 0.01916t 


*14, 6 “ 


-41.705 + 2.0675t 


*16, 0 ’ 


4.0892e 


*14, 7 “ 


0.0001062t^*’®*® 


“^16, 7 


0.2660e®-®«'«* 


*14, 8 “ 


(8.2004 X 10®) 


*16, 8 “ 


(5.542 X 10®) t‘®'®®®® 


*14, 9 “ 


-7.97 + 0.269t 


*16, 9 “ 


0,157Ce°*°®®®** 


*14,10 “ 


0.04317t*‘^®*® 


*16,10 “ 


0.2875t®-«®®« 



o 
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mXRIX FUNCTIONS 



f 

f 

f 

f 

f 

f 

f 

£ 

f 

f 

f 

f 

f 

f 

f 

f 

f 

f 

f 

f 



17, 


1 “ 


7.3967 - 0.103t 


^19, 


17, 


ss 

2 


2.0733 - 0.130t 


^19, 


17, 


S3 

3 


16. 


^19, 


17, 


SS 

4 


4.4983 - 0.054St 


^19, 


17, 


S3 

5 


8.1256e-°'°l”‘ 


^19, 


17, 


6 “ 


183.8542t‘^*^®^® 


^19, 


17, 


SS 

7 


2.5533 - 0.028t 


^19, 


17, 


8 “ 


1.3289t"^'®^®^ 


^19, 


17, 


9 * 


0.64833 - 0.0085t 


^19, 


17, 


10 “ 


0.0401t°'®°^^ 


^19, 


18, 


m 

l 


129.2717 - 1.3985t 


^20, 


la. 


ss 

2 


15.1129e°‘°^®^^'^ 


^20, 


00 


3“ 


126.9433t‘°‘°*^^^ 


^20, 


18, 


4 “ 


100.0838t"°‘^®*® 


^20, 


00 


5 “ 


54.5026.®*°^^^^* 


^20, 


18, 


€ “ 


31.4644e°*®°®®®* 


^20, 


18, 


7* 


19.8255t°*^^*® 


^20, 


18, 


8 ’ 


1749.7002t‘®'°^^°^ 


^20, 


18, 


9 “ 


9.885 - 0.0765S 


^20, 


00 


10 “ 


0.00488t^”^°^'' 


^20, 



0.08333 + 0.043t 
1.7504 



= 0.001234t 



= 0.001873t 



2.0753 



(1.61776 X 10’^) t^*®526 
(1.95349 X 10“S 



« 3.3138t 



-0.13814 



= 0.2337t 



0.3339 



= 0.8539e 



0.04468t 



2.3922 



= 0.002018t 

= 3.5935e’®*®^^^^*^ 
= 2.09 - 0.022t 



= 0.51667 



= 0.66726t 



0.3608 



1.3439 



0.005634t 

0.60819 



= 0.0727t 



-1.8673 



= 1247.9174t 

« 0.92167 - 0.0105t 

= 2.2272e®-®^^"®^^ 

.0.6748 



= 0.729t' 



= 8.633e 



-0.06609t 



TABLE 5 



MATRIX OF ADJUSTMENT COEFFICIENTS 





1 


2 


3 


4 


5 


6 


7 


8 


9 


10 




Fab. Metals 
Indus . (Incl . 
not Spec. Metal) 
34 


Machinery Except 

Electrical 

35 


Food & Kindred 
Products 
20 


Chemicals 6e 
Allied Products 
28 


Rubber & Misc. 
Plastic Products 
30 


Utilities & 
Sanitary Services 
49 


Wholesale Trade 
50 


Business Services 
73 


Medical & Other 
Health Services 
80 


Elec. Mach. Equip. 
& Supplies 
36 


1 


1.64037 


5.30653 


1.34545 


.72640 


1.21143 


2.43738 


1.34247 


2.33075 


.01407 


2.37909 


2 


.83408 


2.74590 


1.59756 


.32613 


.32819 


4.78226 


1.49074 


.16143 


.06038 


- 


3 


5.31592 


1.94091 


2.10811 


2.17225 


6.66666 1 


.70833 


.46939 


1.07442 


.02690 


4.41887 


4 


.30303 


.95925 


1.69414 


.58799 


.22898 


1.10321 


1.53555 


.74090 


1.66416 


.82045 


5 


.51921 


1.05428 


1.44699 


.53362 


2.40000 


.96170 


.97956 


.96308 


.32029 


.85944 


6 


1.37582 


1.20626 


.54478 


1.32595 


.89066 


.50257 


1.22580 


1.10944 


1.52834 


1.29775 


7 


1.94604 1 


2.38393 


1.00847 1 


1 1.56112 


. 86014 1 


1 1.50000 


1.09711 


1.07901 


.95515 


1 1.71636 


8 


1.11983 1 


1 1.83784 


1.13356 


1 .26964 


7.54449 


1 1.38160 


1.45798 


.15844 


.43863 


1 .91630 


9 


.46644 


1 .66453 


.44595 


1 .85473 


.36789 


.63795 


.53763 


.93979 


1.12556 


.52613 


10 


.96058 ^ 


1 .87629 


.39804 


1 1.03061 


.76915 


1 .56123 


.70294 


2.42521 


.76990 


1 1.26863 


11 


.16229 


1 .15627 


.20701 


1 .31905 


.04187 


1 .02617 


.11098 


.26238 


.55096 


1 ^ 


12 


1.21712 


1 .20897 


.59410 


1 ^.97009 


1.07732 


1 1.71719 


.38721 


.59655 


1.74107 


1 ^^653 


13 


2.29981 


1 8.27285 


.31054 


1 .81054 


3.21618 


1 .38088 


.46234 


.61600 


.34247 


1 2.78859 


14 


.65027 


1 .61237 


.57089 


1 .77379 


.78078 


]l. 32634 


1.70732 


1.28093 


.96962 


1 1.16739 


15 


.85554 


1 .18866 


.34775 


1 3.72062 


1.55039 


1 2.25938 


.50760 


.47975 


1.33600 


1 .39477 


16 


5.23317 


1 1.08800 


1.78176 


1 2.22664 


1.41643 


1^55506 


.61035 


1.13165 


4.37410 


1 1.28638 


17 


.25714 


1 ** 


.40942 


1 4.77311 


1.33835 


1 3.65741 


1.02532 


3.75610 


6.84615 


1 - 


18 


.19044 


1 .12120 


1.00809 


1 .60940 


.14555 


1 1.81459 


2.00719 


1.03169 


.34717 


.04953 


19 


2.03560 


1 7.05479 


3,63102 


1 2.07967 


3.15909 


1 3.80288 


3.74419 


4.81758 


.69529 


1 3.97368 


1 20 


12.44685 


1 1.28889 


2.14035 


1 8.53153 


8.10448 


1 8.79365 


7 0 73077 


4.18357 


.11359 


|l2. 58335 



Ll 



TABLE 6 






ADJUSTED COEFFICIENT MATRIX-DENVER SMSA 
1970 -MALE AND FEMALE 



\ Industry 

Occupation \ 


1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


Fab. Metals Indus. 
(Incl. not Spec. 
Metal) 34 


Machinery Except 
Electrical 35 


Food 6c Kindred 
Products 20 


Chemicals 6c Allied 
Products 28 


Rubber 6c Misc. 
Plastic Products 
30 


Utilities 6c 
Sanitary Services 
49 


Wholesale Trade 50 


Business Services 
73 


Medical & Other 
Health Services 
80 


Elec. Mach. Equip. 
& Supplies 36 


1. 


Designers 

X- ■FhQmpn 


49.11 


49.40 


2.03 


6.86 


5.16 


15.36 


3.84 


29.60 


.25 


26.55 


2. 


Civil 

pnp“i nppirs 


13.28 


13. '.9 


1.84 


1.64 


.79 


15.92 


2.64 


1.26 


.10 


5.91 


3. 


Industrial 
pno“i rippirs 


28.90 


14.19 


2.28 


11.30 


10.93 


2.64 


.33 


3.60 


.48 


38.49 


A 


*R n nlclce e ue IT s 


4.00 


7.48 


10.50 


6.50 


2.36 


16.37 


22.59 


22.78 


7.44 


6.69 


Hr • 

5. 


office machine 
operators 


7.27 


7.81 


8.41 


5.52 


23.06 


11.74 


13.65 


26.00 


4.42 


6.38 


A 


S6cr6t^ri6s 


49.89 


23.79 


8.55 


37.09 


23.53 


18.86 


46.72 


86,21 


60.77 


26.77 


w • 

7. 


Stenographers 


14.51 


9.17 


3.22 


173.52 


4.55 


11.45 


8.29 


17.04 


7.70 


7.19 


8. 


Stock clerks 
6c stock keepers 


6.61 


5.59 


2.56 


1.24 


30.86 


8.41 


8.94 


2.03 


2.87 


3.12 


9. 


Telephone 
operators 


4.05 


3.28 


1.77 


6,24 


2.44 


6.25 


5.24 


19.05 


11.69 


2.64 


10. 


Typists 


12.35 


5.79 


2.19 


10.11 


7.04 


7.39 


8.64 


66.11 


10.12 


9.18 


11 


CairD6nt6rs 


3.27 


.11 


1.14 


7.71 


.76 


1.04 


1.39 


1.03 


2.44 


27.11 


1 9 


PI pctiT 1 .C i.3.ns 


8.19 


2.38 


3.36 


7.47 


6.84 


22.92 


1.63 


.79 


2.87 


5.98 


13. 


Machinists 6c 

4 oT\ GPf“f“PlTQ 


16.67 


86.45 


1.81 


6.95 


21.10 


5.56 


2.18 


.91 


.57 


101.45 


14. 


Mechanics 6c 


39.80 


58.97 


26.61 


50.16 


40.31 


136.64 


60.76 


14.30 


10.53 


89.57 


15. 


Plumbers 6c 
pipe fitters 


6.70 


2.40 


2.20 


32.07 


10.84 


33.82 


2.17 


1.09 


2.11 


4.03 j 


16. 


Stationary 

engineers 


42.28 


13.72 




18.90 


10.08 


24.32 


3.24 


116!) 


8.00 


12.94 


17. 


Stationary 

firemen 


.05 




.84 


3.26 


3.15 


3.12 


.61 


.m 


.36 


1.86 


18. 


Truck drivers 
6c deliverymen 


5.98 


7.28 


104.49 


27.84 


17.39 


73.93 


66.94 


11.37 


1.57 


4.27 


19. 


Charwomen, jani- 
tors 6c porters 


6,29 


14.74 


45.82 


14.43 


12.48 


7.00 


3.61 


93.89 


36.38 


1.46 


20. 


Guards, watchmen 
6c doorkeepers 


6.85 


.66 


6.61 


14.50 


7.80 


3.94 


1.45 


17.99 


1.46 


1.07 



TABLE 7 



ADJUSTED COEFFICIENT MATRIX- DENVER SMS A 
1975-MALE AND FEMALE 
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points in this analysis, monotonic functions having two degrees of freedom are 
the only functions considered in this initial run. Later, when matrices are 
constructed for 1930 and 1920, other functional forms such as cubic, parabolic, 
the Gompertz curve, the Logistic curve and others will be considered. 

Stability can be clearly seen for the three point regressions by obser\^ing 
the correlation coefficients and standard errors of estimate in Table 4. The 
upper values (correlation) in most cases exceed 0.7 whereas the corresponding 
standard errors are all very close to zero. This means that there is a highly 
correlated trend in the coefficients of these matrices which in turn reflects 
stable, structural industry-occupational employment trends in the Denver 
economy. 

Industry Production and Output Functions 

The primary problem in implementing these two aspects of the model was 
collecting the necessary employment and output time series data for the Denver 
SMSA. Once the data had been compiled, it was a routine matter to fit various 
curves by the method of least squares and choose the best fits for the required 
employment and output functions. 

Ideally we would have liked to obtain data which would measure output as 
adjusted sales and employment in man-hours over a consecutive ten-year period 
prior to 1963. The year 1963 was chosen as the base year for the projection 
since complete data were not yet available for 1964. 

For several two-digit manufacturing industries, we were able to use data 

21 / 

compiled in the Annual Survey of Manufactures There was a major change 
in the Standard Industrial Classification System beginning in 1958, and this 
change required the use of data from 1958 on for the s^.ke of consistency. In 
fact, the S.I.C. change carried over to all data sources using this classifi- 
cation, and limited us to the same time interval for all of our data sources. 

The concept of output used in the Annual Survey of Manufactures which 
is closest to our desired measure of output is "value added.” There are two 
measures of value added -- "value added" and "adjusted value added o" The use 
of adjusted value added began in the Annual Survey of Manufactures in. 1956; 
unadjusted value adaed was discontinued in 1958, making comparison among prior 
and subsequent time periods difficult. Value added is obtained by subtracting 



S. Census of Manufacture s. U. S. Department of Commerce, Bureau of 

the Census. 
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the cost of materials, supplies and containers, fuel, purchased electrical 
energy, and contract work from the value of shipments for products manufac- 
tured plus receipts for services rendered. Adjusted value added is the same 
concept modified by: (a) value added by merchandising operations (the differ- 

ence between the sales value and cost of merchandise sold without further 
manufacture, processing or assembly), and (b) the net change in finished goods 
and work- in- process inventories between the beginning and end of the year. 

Two types of employment are listed: (1) total number of workers, and 

(2) total production workers. We chose total number of workers since man-hour 
figures are not available. 

For certain manufacturing industries we were able to obtain the necessary 

ordered pairs required for the employment and output functions solely from the 

Census of Manufactures. For non-manufacturing, we investigated the following 

Department of Commerce publications: (1) Census of Mineral Industries Final 

Reports , and (2) Census of Business Final Reports , for both retail and whole- 

22 / 

sale trade and selected services. — These data sources were published only 
for the years 1954 and 1958, and in the future will be published for 1963. We 
were able to use information taken from these sources only as benchmarks in 
adjusting other sources of data. 

The widest industry coverage of total employment and wage data was 
collected and compiled by the Colorado State Department of Employment. The 
primary difficulty with these data is its inclusion of only those firms covered 
by the Federal-State unemployment compensation program. Therefore, none of the 
public sectors are included, nor are small firms employing fewer than four 
employees. Since firms with fewer than four employees are significant in the 
Denver SMSA, it was necessary to adjust these data upward through the use of 
the benchmarks mentioned above to obtain a reasonably complete estimate of 
total industry employment in the SMSA. 

The state data are collected quarterly for approximately eighty two-digit 
S.I.C. industries. It was necessary c^^’erage the quarterly data to obtain 
total annual employment. Also, employment is measured as total number of 
employees reported by each firm and is subject to the multiple counting dis- 
cussed earlier. 

22 / 

United States Bureau of the Census, Census of Mineral Industries : 

Final Reports . 1958 . Vol. II, Area Statistics : Census of Business : Final 
Reports . 1958 . Vol. II; Retail Trade . Area Statistics . Vol. IV; Wholesale 
Trade . Area Statistics . Vol, VI; Selected Services . Area Statistics . 
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The benchmark adjustments on wages and employees were made as follows: 

Data obtained from the sources indicated as well as data obtained from Employ* 
ment and Earntets Statistics published by the U. S. Department of Labor and the 
Census of Pooulation^^ were used to calculate scale factors for both wages 
and employment for various benchmark years. — These scale factors, which are 
the ratios of benchmark employment and wage figures to corresponding figures 
taken from the state employment data, are used to adjust the state employment 
figures for all the required years, 1958-1963. In using these scale factors, 
we assume homogeneous wage rates and comparable factors of production between 
reporting and non-reporting firms under the Employment Security program. 

Various combinations of these data sources gave the necessary ordered 
pairs of employment versus output, and output versus time for the years 1958- 
1963, A discussion of the detailed difficulties involved in interpreting and 
reconciling these data will not be attempted here. Nevertheless, these prob- 
lems were met and decisions were made so as to produce meaningful ordered pairs 
of employment, output, and time. 

The functional forms — linear, parabolic, cubic, geometric, and exponen- 
tial -- were fitted to each of the sets of ordered pairs, (E , X ) and (X , t) 
respectively. Examination of correlation coefficients and standard errors 
determined the best fits for the above functions. The measures of fit for all 
the trial functions are listed in Table 8; the regressions finally chosen for 
each industry's production and output functions are shown in Table 9. 

Using these employment and output functions, reference forecasts of 
employment and output for 1970 and 1975 were made (see Table 10), The output 
functions were evaluated and plotted for the years 1964-1978 and are given in 
Graphs 1-10. These graphs and reference forecasts form the base from which 
the final induscry-output-expansion path combinations are determined. 

The final phase of the numerical application was to determine the most 
probable combinations of industry expansion paths. And the final industry 
employment projections are based on these combinations and the projected and 



— ^ Employment and Earnings Statistics for States and Areas . 1939-63 . 

U. S. Department of Labor, Bureau of Labor Statistics; U. Census of Popu- 
lation . OP . cit . 

~^It v/as not possible to use the same benchmark years for all industries. 
In fact, in some cases it was necessary to average several scale factors. 






TABLE 9 




INDUSTRY PRODUCTION AND OUTPUT FUNCTIONS 





Industry 


S.I.C. 

Code 


Production Function 


Output Function 


1. 


Fabricated Metals 
Industries (Incl . 
not Spec. Metal) 


34 


Geometric: 

E * 0.803X®’^°® 


Exponent ial : ^ 

X = (0.395) (1.07)^ 

= 0.395e®*®^^^^ 


2. 


Machinery Except 
Electrical 


35 


Geometric: 

E = 2.041X®’^^^ 


Exponential: ^ 

X = (0.748) (1.06)^ 

= 0.748e®-®^^^^ 


3. 


Food 6e Kindred 
Products 


20 


Geometric: 

E = 4.99X®*^°® 


Exponential; ^ ' 

X = (1.805) (1.06)'" 

= 1.805e0-0593t 


4. 


Chemical 
and Allied 
Products 


28 


Linear : 

E - 1.799 - 0.061759X 


Linear : 

X = 1.079 + 0.107486t 


5. 


Rubber and 

Miscellaneous 

Products 


30 


Exponential : y 

E = (3.565) (1.012)^ 

= 3.565e®*®^^^ 


Geometric: 

1 70 

X = 0.0292t^’''" 


6. 


Utilities 
and Sanitary 
Services 


49 


Exponential: y 

E = (2.239) (1.022)^ 

= 2.239e®*®^^^^ 


Linear: 

X = -79.574 + 1.697t 


7. 


Wholesale 

Trade 


50 


Geometric: 

E = 3.122X®’^^^ 


Exponential ; 

X = (3.061) (1.063) 

= 3.061e®-®^^^^ 


8. 


Business 

Services 


73 


Geometric: 

E * 0.366X®*®^^ 


Exponential: ^ 

X * (0.00624) (1.143)*^ 

=» 0.00624e0*13^t 


0. 


Medical & Other 
Health Services 


80 


Exponential: y 

E = (7.356) (1.019)^ 

= 7.356e0«0185X 


% 

Exponential: . 

X = (0.0065) (1.148)^ 

= 0.0065e0-1385t 


10. 


Electrical 
Machinery Equip- 
ment & Supplies 


36 


Geometric: 

E = 0.52279X®*^^^^^ 


Geometric: 

• _ _ r "VI A**^ 

X = (8 . 09745:)X10 )t 
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GRAPH 1 

OUTPUT FUNCTION — - FABRICATED METAL INDUSTRIES (INCLUDING NOT SPECIFIED METAL) 



X «= 0.395e 



0.0675t 
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GRAPH 2 

OUTPUT FUNCTION — MACHINERY EXCEPT ELECTRICAL 



X * (0.748)(1.06)*^ = 0.748e^‘®^^^^ 




GRAPH 4 



96 1 



OUTPUT FUNCTION — CHEMICAL & ALLIED PRODUCTS 



X * 1.079 + 0.107486t 



94 * 




TIME (1964 - 1978) 
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GRAPH 6 

OUTPUT FUNCTION -- UTILITIES AND SANITARY SERVICES 




TIME (1964 - 1978) 




GRAPH 7 



430 1 



OUTPUT FUNCTION -- WHOLESALE TRADE 



X = (3.061)e 



0.0615t 



390 



3350 

O 

Pt 




70 72 

TIME (1964 - 1978) 
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OUTPUT — WAGES IN MILLIONS OF DOLLARS 
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GRAPH 8 

OUTPUT FUNCTION -- BUSINESS SERVICES 



X * 0.0624e®*^^^^ 




TIME (1964 - 1978) 






OUTPUT -- WAGES IN MILLIONS OF DOLLARS 
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GRAPH .9 

OUTPUT FUNCTION — MEDICAL AND OTHER HEALTH SERVICES 




TIME (1964 - 1978) 
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GRAPH 10 

OUTPUT FUNCTION ““ ELECTRICAL MACHINERY, EQUIPMENT AND SUPPLIES 



X = (8.097455 K 




TIME (1964 • 1978) 



o 

ERIC 



193 



adjusted coefficient matrices. From these, the projected occupational-employ- 
ment levels are derived. 

The Occupational-Employment Forecasts 

The first step in obtaining forecasts of occupational employment levels 
is to determine which of the ten industries included in the forecasting sched- 
ule can be considered stable export industries. These decisions were made on 
the basis of the stability of the output versus time schedules of the various 
industries as well as their growth patterns. The unstable industries are 
characterized by occasional shifts in their output versus time schedules in a 
manner different from the expected patterns of stable export industries follow- 
ing national trends and serving national markets. The growth rates and fluctu- 
ations of these unstable industries tend to respond primarily to factors unique 
to the local region. 

The two industries which obviously will deviate significantly from the 
trend of their output functions are Business Services and Medical and Other 
Health Services. This can be seen in Table 10, which shows both industries 
approximately doubling their outputs every five years. This abnormally high 
growth rate is caused by the large autonomous government expenditure in space 
and space-related activities in the Denver area which created in its wake an 
accelerated demand for both local health and business services. These 
accelerated growths cannot be expected to continue indefinitely and therefore 
it is necessary to deviate significantly from the projected output functions 
in determining the probable future expansion paths for these industries. 

Examples of stable industries in this forecasting schedule are Machinery 
Except Electrical, Utilities and Sanitary Services, and Wholesale Trade. These 
industries shox 7 a high degree of stability through both national and local 
fluctuations. It is possible to extrapolate directly from their respective 
output functions in the determination of their future output levels. 

In cases where it is necessary to deviate from the derived output function 
an average growth rate (output per year) is computed from the observed years 



—^"Unstable industry" is used to designate any industry which is 
expected to deviate significantly from its output function. One class of 
unstable industries are those depending primarily upon local demand — 
sometimes called subsidiary industries. Another class includes those 
industries which are carrying out autonomous investment plans over the 
period of observation. 
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most representative of those industries' future growth patterns. For example. 
Fabricated Hetal Industries, which had an output in 1962 of $23,704,000 and an 
output in 1958 of $19,402,000, had an average growth rate of 

$^^30|^0 0 ^ $860,400 per year. 

The expected output in 1970 and 1975, on the basis of this rate of growth, 
would be 



8 X ($860,400) + $23,704,000 = $30,588,000 in 1970, and 

13 X ($860,400) + $23,704,000 * $34,889,200 in 1975. 

The future industry employment levels are computed from the industry production 
function. 



E = 0,803(X)°'®°® . 

These employment levels are 4,482 and 4,953 employees respectively. 

Two combinations of probable expansion paths, designated A and B, are 
determined for all ten industries through 1970 and 1975. In combination A, 
all future industry output values are determined by direct extrapolation of the 
output functions, h.(t>, with the exception of Business Services and Medical 
and Other Health Services. The future output levels of the latter two indus- 
tries was computed in the manner described above. In combination B, the future 
output values of all but the very stable industries 2, 3, 6 and 7 are altered 
from their extrapolated values by estimated average growth rates computed over 
what were considered representative growth periods for these industries. The 
outputs of industries 2, 3, 6 and 7 are determined by direct extrajpolation on 
their output functions. These output combinations and their associated indus- 
try employment levels are summarized in Table 11. 

The employment columns in Table 11 corresponding to output combinations 
A and B for the years 1970 and 1975 are the V vectors discussed earlier, and 
when multiplied by the adjusted coefficient matrices for these respective years 
they determine the individual occupational employment level forecasts. The 
final forecasts are summarized in Table 12. 
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TABLE 12 



■ 


Occupational Emplo 3 mient Forecasts 






Output 

^VQomb ina t ion 


1970 


1975 


Census 

Occupational - 
Employment 
Levels in 1960 


Occupation 


A 


B 


A 


B 


1. 1 


Designers 
& draftsmen 


1.056 


1.064 


1.672 


1.6L9 


755 


2. 


Civil 

erii?iiieers 


348 


337 


427 


401 


341 


3. 


Industrial 

aneineers 


457 


435 


724 


679 


462 ^Male Only) 


4. 


Bookkeeners 


1.365 


1.406 


1.385 


1.440 


1.513 


5. 


Office machine 
operators 


1.142 


1.183 


1.571 


1.638 


684 fFemale Only) 


6. 


Secretaries 


4.254 


4.365 


5.366 


5.529 


3.303 ^Female Only) 


7. 


Stenographers 


1.043 


1.071 


1.252 


1.290 


726 ^Female Only' 


8. 


Stock clerks 
& stock keepers 


675 


667 


635 


723 


643 ^Male Only) 


9. 


Telephone 

operators 


686 


719 


922 


974 


410 CMale Only) 


10. 


Tvuists 


1.295 


1.413 


1.718 


1.894 


928 ^Female Only) 


11. 


Carpenters 


201 


200 


245 


243 


192 CMale Only) 


12. 


Electricians 


393 


386 


490 


478 


413 ^Male Only) 


13. 


Machinists & 
iob setters 


890 


876 


840 


817 


1.296 TMale Only) 


14. 


Mechanics & 
repairmen 


4.198 


4.185 


5.433 


5.398 


2.966 ("Male Only) 


15. 


Plumbers & 
pipe fitters 


481 


477 


587 


580 


471 ^Male Only) 


16. 


Stationary 

engineers 


796 


754 


993 


932 


1.381 (Male Only) 


17. 


Stationary 


79 


79 


70 


69 


111 


18. 


Truck drivers 
& deliverymen 


4.195 


4.210 


4.714 


4.733 


3.254 (Male Only) 


19. 


Charwomen, jani- 
tors & porters 


2.524 


2.699 


3.634 


3.938 


1.204 


20. 


Guards, watchmen 
& doorkeepers 


451 


479 


531 


473 


438 (Male Only) 
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Since the primary purpose of this preliminary report is to develop a fore- 
casting method and simultaneously to establish the data sources and methods of 
data reconciliation necessary to implement the technique, t^he forecasts are 
restricted to only two industry expansion path combinations. These two expan- 
sion combinations are not necessarily the best choices although they are cer- 
tainly reasonable. They were chosen mainly for the purpose of illustrating 
the general working of the technique. The point to be emphasized is that the 
occupational forecasts are integrally dependent upon the aggregate growth 
patterns and their associated future output levels, particularly for those 
industries which can be expected to deviate significantly from their short-run 
trends. 

If this method is applied in an inclusive form to the entire economic 
complex of an SMSA, a much more extensive investigation should be made of the 
region. This investigation should include interviews with the heads of leading 
firms in the region and consultation with such organizations as the local 
Chamber of Commerce. It should also include an extensive compilation of his- 
torical data. 

In combination A (Table 12) for 1970 we assume that all industries will 
maintain their current growth trends except Business, and Medical and Health 
Services. Under this assumption, there will be a total demand for 1,056 
designers and draftsmen in these industries in 1970, an increase of 301 over 
1960. As another example consider output combination B for 1975. Here we 
applied a number of judgments based on what was considered to be typical 
growth periods for these industries to obtain reasonable future output combi- 
nations. Under these conditions, the demand for bookkeepers will decrease by 

73 employees in these industries. In fact, bookkeepers will decrease from the 

1960 level under both combinations in each of the years 1970 and 1975. 

Table 12 shows that occupational employment levels do not necessarily 

follow a monotonic trend. For example, consider Civil Engineers under output 
combination B. In 1960, there were 341 civil engineers distributed throughout 
the ten industries. In 1970, the number decreases to 337, whereas in 1975 it 
increases to 401. In any of the "proportional" methods the employment fore- 
casts would shoT 7 either strictly increasing, decreasing, or constant trends 
and would not account for the oscillations so commonly observed in various 
occupational- employment figures. 

This oscillations phenomenon is not unusual when one considers that the 
coefficient matrix is a function of time and that each element is in turn a 



o 

ERIC 



198 



distinct function possessing a unique rate of change through time. Therefore, 
any row in the coefficient matrix evaluated at some point in time will have a 
distinct set of coefficients reflecting the occupational allocation among all 
the industries. However, the same row evaluated at another point in time can 
show an entirely different occupational allocation because of a changing indus- 
try mix. Hence, this continuously changing industry- occupation structure can 
conceivably result in wide deviations in the net rate of change of the total 
occupational employment level. 

Total industry employment trends may have overall increases while a row of 
coefficients may show a net decrease. In this case, the total occupational 
employment level corresponding to this row. may increase, decrease, or even 

oscillate over a series of time periods. 

In summary, the occupational employment trends are dependent not only upon 

the relative rates of change of the individual elements in the functional coef- 
ficient matrix but also upon the time variation of the industry employment 
vector and its interaction with the respective rows of this matrix. Thus, it 
is not surprising that we observe in the application of this method fluctua- 
tions in some projected occupational employment levels over a series of time 
periods under a given output combination. In fact, this is exactly the type 
of phenomena that can be observed in any real situation and is precisely the 
type of result that a realisti<s method should predict. 



IV 

CONCiaSIONS 

In general, the technique developed here appears to be feasible, and to 
warrant further investigation. Two of the major assumptions upon which the 
method rests are the stability of the coefficient matrices and the industry 
production functions. There is stability in more than 75 per cent of the matrix 
elements and a considerably higher percentage could be obtained with more matri- 
ces and a wider selection of functional forms. Investigation along these lines 

should be continued. 

Host of the industry production functions show a high degree of stability. 
However, the use of total wages as a measure of output introduced an element of 
error since changes in wages reflect many factors other than changes in 
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production. Further investigation may reveal other sources of output which 
will eliminate the errors introduced by using wages as a surrogate for output. 

Two other factors should be considered in any future application of this 
method. They are possible shifts in production functions due to radical 
changes in the productive techniques of prominent firms in an industry, and 
the measurement of all money variables in real terms. An investigation of 
investment rates in the various industries should lead to a more representative 
set of production functions. Data on wage rates and price changes should be 
helpful in establishing price indices to measure output in real terms. It 
should thus be possible to anticipate and better formulate the approximate 
future production functions of all industries; even those in which productive 

relationships experience radical changes. 

Since the initial statistical implementation of this method, the authors 
have derived a mathematical procedure for collectively projecting coefficient 
matrices. Provided a residual occupational category is included, the sum of 
the coefficients in each industry column should always equal one. However, if 
each element is projected independently, there is no guarantee that projected 
column sums will indeed equal one. A technique has been devised by which 
matrix functions are determined in such a manner that the individual elements 
are continuously interdependent throughout each of the columns and such that 
the column sums equal one at any future time period. In future application of 
this method it would be advantageous to apply this interdependent curve fitting 
technique. This was a pilot study, and modifications similar to the one above 
were discovered too late to be included in the stati^l^ical implementation of 
the model. Further research viill undoubtedly lead to additional refinements 
which should improve this method as a forecasting tool. 




